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The importance so long assigned to the property, possessed by many 
organic substances, of rotating the plane of polarization, alike in its 
theoretical and practical aspects, makes it rather surprising that 
hitherto the only help available for the study of the subject was to be 
found in the various memoirs, in which the necessary information lay 
scattered, in scientific journals. The present work was undertaken 
with a view to relieve the inconvenience arisins: from the want of a 
comprehensive treatise. It is based upon a paper of mine published 
some time ago in Liebig^s Annalen, Bd. 189, in which I discussed 
the mode of determining specific rotation, and, by way of introduc- 
tion, gave a brief general account of optical activit3\ Since then 
requests have frequently reached me, urging the desirability of 
extending that paper by including an account of all the recent 
instruments and the practical applications, so as to make it a complete 
monograph of the subject. I was the more readily induced to under- 
take the task by the fact that, of late years, the increased attention 
given to the phenomena of rotation has brought to light such a 
mass of facts as makes it possible to present the material in a more 
or less complete form. 

In its theoretical aspect the optical activity of organic substances 
possesses high interest. As it is a consequence of peculiarity of arrange- 
ment of the atoms in the molecule, it must assuredly afford some 
assistance in determining the constitutional formula to be assigned 
to the substances. The investigation of this connection between 
optical power and chemical constitution is, indeed, of the utmost 
importance, and gives promise of a rich harvest for future workers. 
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vi author's preface. 

For this purpose it is, above all, necessary that determinations of 
specific rotation should be made with the most rigid accuracy. 
Special attention has therefore been paid in the present work to the 
needs of the scientific investigator, by affording a detailed account of 
the difierent polarimetric instruments, and the methods of observa- 
tion of specific rotation, as well as of other data connected there- 
with. The methods described are those which ensure the highest 
accuracy, and care has been taken to indicate in each case the 
limits of accuracy attainable. Where only a rougher estimate is 
required, it will readily be seen that steps may be omitted so as 
to simplify the process. 

The importance of the subject, from a practical point of view, has 
been long acknowledged in its application to the determination of 
sugar, and recently of other substances, more especially the cinchona 
bases. The methods of observation in these special cases have been 
fully treated, and the sugar-chemist in particular will find interest 
and novelty in the account of the different saccharimeters, and the 
corrections to be applied to the result. 

The introductory chapter on the optical principles of the subject 
may, perhaps, be not unwelcome to many a chemist. It has been 
made as elementary and succinct as possible. The relation between 
rotatory power and crystalline form, as belonging rather to crystal- 
lographic physics, has only been briefly touched upon. 

For any further account of the work the reader need onlj- be 
referred to the table of contents, which has been made as complete as 
possible. 

HANS LANDOLT. 
Aachen, January^ 1879. 



'■TRANSLATOR'S PREFACE. 



i. FEW words will suffice to introduce the present edition to tte English 
Some months ago, Mr. Frank Faulkner, the energetic and 
telligent hrewer of St. Helens and Beeston, to whom the English 
Iblic are already indebted for the appearance of Pasteur's " Studies 
P Per mentation," placed in my hands, for revision, and editing, a 
manuscript translation' of Dr. Landolt's work ; and for what now 
appears as a corrected vert-ion, although I cannot claim, all the credit, 
yet I alone am reBponsible, What has been kept in view throughout 
was to make the English edition, as far as possible, an exact repro- 
duction, in all respects, of the original work. A few notes have 
been ventured where it was thought they would be useful. The 
longer note at the end of the introductory chapter is placed there 
for the sake of practiciil people who, wishing to understand more 
fully the physical explanation of the fundamental phenomena, do 
not have the time or opportunity to read up the subject in special 
ti-eatisea on physics. The advanced student will, it is hoped, 
indulgently consider it in that light. 

A feature of the English edition, which will doubtless render it 
specially valuable to the technical chemist, is the appendix contri- 
buted by Mr. Faulkner's assistant, Mr. Ignatius Steiner, of Vienna 
University. 

Lastly, T would take this opportunity to claim for Mi'. Faulkner 
publicly the merit due to a busy, practical man, who is, notwithstand- 



t Mr. Fmilknof's rcqitc 



by Mr. 



viii translator's prefack. 

ing, intelligent and far-sighted enough to see that in the end know- 
ledge wins the day over empiricism in all departments of human 
activity, and who has already shown, and now once more by the 
appearance of the present translation shows, that he is also disin- 
terested and spirited enough to seek to disseminate among his 
brethren in trade a similar persuasion as to the value of knowledge, 
whilst at the same time he affords them the best help that he knows 
of for attaining it. 

1). C. ROBB. 
Blairgowrie, N.B., March, 1881. 



rosTscRiPT. — The lamented decease of Mr. Robb delayed the 
publication of this work, and the final revision was entrusted to the 
writer, who cannot but allude to the appreciation of Mr. Kobb's 
cotemporaries at Oxford, for one whose scientific work was so exact 
and unobtrusive, and whose character was so honest and sincere. 



V. H. VELEY. 



University College, Oxford, December, 1881. 
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INTRODUCTION. 



§ 1. In an ordinary ray of light the Tibratlons of tlie particles nf 
F take place suGcessiTely in all possible directions perpendicular 
[ts axis. Fig. 1 shows a transveree section of a ray, projected on a 
Acel plane. 
By certain means it is possible to restrict the vibrations to some 
one particular direction (Fig. 3), The ray 
[ rig. I. Vig. ■'. is tlien called a linear polarized ray. Its 

behaviour is no longer identically the same 
all around its axis, as in an ordinary ray ; 
on the contrary, it displays two distinct 
silks, one in the plane of its vibrations, the 
other in a plane at right angles thereto. 



tj 2. This conversion of common into polarized light may be 
effected, first, by reflection, for which purpose a glass mirror, 
inclined to the perpendicular at a certain angle {35° 25'), as £ JIf 
(FigB. 3 and 4), will be found best. Rays falling in the direction 
fl 6, so as to make an angle of 55° with the normal x y, are reflected 
in the direction he, and at the same time are polarized. This 
becomes manifest when the reflected rays meet the mirror P Q, 
which has a rotatory movement about 6 c as an axis. When the 
second mirror is parallel to the first, as in Fig. 3, the ray 6 c is 
wholly reflected in the direction c d; but as the mirror turns on its 
axis, the intensity of the light reflected from it diminishes, until at 
90° from the starting-point there is no longer any reflection, and the 
mirror appears dark. Continuing the rotation, we find that at 180°, 
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i.e., when the mirrorB are inclined, bo that the planes a b c and bed 
are again coinciffent, as in Fig. 4, there ia another maximum of 
refleeiion, and, lastly, at 271)° another minimum. Thus the ray 





bshaycB differently in two different directions at right angles to each 
other, one direction being in the plane of incidence or reflection, 
a b c, the other in a plane at right angles therewith. The ray is 
polarized, and the former of the two planes is its plane of polarization. 

We can therefore recognize a ray as polarized, and determine 
the position of its plane of polarization, by permitting it to fail upon 
a glass mirror at an angle of 55°. If the mirror be turned about the 
ray as an axis, Kght and darkness will alternate at intervals of 90°, 
and if the miiTor be set bo that the light emitted by it is at \\s 
brightest, the plane passing through it and the incident polai-ized ray 
is the plane of polarization of the latter. Again, if the mirror is at 
its darkest, the plane at right angles to the plane of incidence of the 
polarized ray is coincident with the plane of polarization. 

By the undulatory theory of light it can be proved that the 
plane of polarization is either the plane in which the vibrations 
of ether take place, or a plane at right angles thereto. Which of these 
ia really the case is still an open question among physicists; but for J 
simplicity's sake we shall adopt the formtir view, and in these pages I 
assume that the planes of vibration and polarization are coincident. ] 



5 3. But a pencil of li^^ht can also be pokrizcd by rejyeaied 
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tgfe rfjracttons or by double refraction m certain ciyatalB, as of j 
ealc-spar — the laftei' being the most suitable means. 

In a natural rhoml>ohedron of Iceland spur (Fig. 5), the prinoi- 
p!il axis lies in the lino joining the points 
, ^S- 5- _ ,/ and/, where three obtuse nngles meet. 

Suppose a plane to pass through the 
shorter diagonals of two opposite faces 
of the rhomb, i.e., either d (/, af, or rf b, 
hfjOT d e, e f, it will invariably contain. 
the principal axis d f. Any such plane, 
and all planes parallel thereto, are called 
jii-incipal sections of the prism. If a 
pencil of light, m n (Fig, 6), falls on one 
face, wi-nb od (of which d b h f represents 
the principal section), it will, on entering 
the crystal, divide into two refracted rays 
unequally bent. Both are polarized, and 
application of tho mirror will show that 
the plane of polarization (or plane of 
vibration) of the less refracted or extra- 
^ 1' '' I' ordiiiai-y ray n q is perpendicular to the 

principal section d b A./, while that of the 
more highly refracted or ordinary ray n p coincides with the plane 
of the said section. 

For polariacopic purposes it is best to give exit to one only 'of 
the two polarized rays ; that, namely, in the direction of the incident 
light, and to eliminate the other ray. This can be done in various 
ways, but most completely by converting the calc-spar into a 
Nicol's prism. ^ 

For this pui'pose a piece of Iceland spar is split up into an elon- 
gated rhoinbohedron, ss in Fig. 7, in whicli the plane passing through 
the points rt ft c (/represents a principal section. The natural ends 
nf ihe prism afbe and d rj c It, the former of which is inclined to n rf 
jnd the latter to c 6 at an angle of 71°, are ground so as to reduce 
these angles to 68° [see Fig. 8). The prism is then divided in the 
liirection b' d, which is perpendicular to a ft' and cd', and the halves^ 
— afVier polishing the faces of the section — are united as before with 

' Fur other tiinns of palo-spar polavi/ing prisma {S^nimnont's, Fouwiiilt's, 
'■aolironintizeiJ" prism) «ee "Wiilliioi-'n Lfhebuch dcy I'kyinli, 'i Aufl. 2, 628 — f).30. 
' Smxllar Nicoln may lie prepared bf grindiog two eeparate I'lystats. 

V2 
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Canada balsam. Finally, the sides are blackened and the Nicol 
(Fig. 9) is fixed with cork into a brass case. The principal section 
of thia prism passes through the shorter diagonals of the two 
rhombic ends. If a pencil of light, / m (Fig. ],0), parallel to the 
edges of the longer side, falls on the face a b\ it divides into two 
rays, which are polarized at right angles to one another. The less 
refracted (or extraordinary) ray, m p q, ti'n verses the film of balsam 
at p, and emerges in the direction q s, parallel to I m. The more 
refracted {or ordinary) ray, m o, meets the balsam at o, which, from 



Fig. 7. 



Fig. 10. 




its being a medium of so much feebler refractive power, causes total 
reflection of the ray in the direction o r, whereby it becomes absorbed 
by the case of the prism. The other ray emerges in the direction of 
the incident pencil, but possesses only half of its luminous power. 
The plane of polarization (and vibration) of this ray is at right angles 
to the principal section, and therefore passes through the longer 
diagonals of the end faces of the prism. 



S 4. We have next to consider the behaviour of a polarized raj 
from a fixed Nicol, in passing through a second Nicol having a move- 
ment of rotation about its longitudinal axis. The first prism we will 
call the polarizer, the second the amhjz'^r. 
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Figs, 11 and 12 show the two prisms in their eases, the 
principal sections heing indicated by 6 6 m, b' b' n, and the planes of 
polarization at right angles thereto, hy n n m, a a n. 

If we turn the analyzer A so that its plane of polarization 
a a n is parallel with the plane of polarization a it m of the polar 
P (Fig. II), whereby, too, the principal sections bbmaaA h' b' n of 
the two prisma are broug!it into the same direction, the ray tn, which 
enters P as ordinary light and emerges polarized at n, is not 
composed on passing through A. It is merely slightly refracted in 

Fig. 11. 




the direction of an extraordinary ray m p q (Fig- 10), and e 
so at the opposite end of the analyzer. The same happens if the 
latter be turned through an angle of 180°, so as to bring the planes 
again parallel. But, if the analyzer is adjusted so that its plane of 
polarization is at right angles to that of the polarizer— that is, when 
the prisms are arranged as in Fig. 12— then the ray entering A 
takes the direction of an ordinary ray, like mor (Fig. 10), and is 
eliminated by the film of balsam. No light leaves the analyzer, and, 
accordingly, the field of vision appears dark. The same thing 
happens at a distance of 180°. 

In all cases where the planes of- polarization (or the principal 



p 



of 1^ two Kioole are seii^er parsBEJ oar st jigbt uiglea 
to eavh otber, the polarized lig^ht enl^mng- tbe aD^TBcr i^ separated 
into an ordinarr iind uii extrttordiniiry raj, Tuiriag in inti'nBitT witL 
the angle ut irLieli the pLitiM of palnTisuUau of iLr two pHsms are 
i&eliued tu eucL other- Suppose them at firsl to be rrosged, that is, 
»et iui diirkiif«fi. Them, ii' ve torn the umlTzer tfaroogh a small 
angle, tile lumiuouE mtensily of the laterjiUj-deflboted ordinary 
ray will greatlj: ezooed that of the tracemitted extr&ordiiiar)' ruy. 
N^vertheluHB, the latter ra&r'ee to slightly iUasdnat^ the field ul 
vision. If the angle be increiiwed U< 45^, the ordinair and extra- 
ordins^ mye will he of equal intensity, so that the light leaving 
the ajialyzer will have cKactly half the luminona power of the 
total entering light. Bv int-reasing the angle further, the luminous 
power of the transmitted ray will graduallv exceed that of the 
eliuiiiated ray, until at an angle of 90'' the latter ceases altogether 
to exist, and tbe field of viaon exhibits the moximufa of brightness. 
Continuing the rotation in the same direction, we Hud another »iin>'- 
wum of light at IWl'^, and another nxiTimvm at 270^. 

S 5, To observe theKe phenom«ia, the instrument shown in 
Fig. 13 may be used. The hori- 
zontal bar d, secured on a stand, 
carries at one end the fixed polar- 
izing Ificol ff, and at the other 
the analyzing Nicol b, which, by 
means of the lever c, can be 
turned with its frame about its 
axis. In connection with the 
lever, a single or a double inde.\ 
moves round the divided disc, 
which is fixed to Uie bar. Be- 
tween the Sicols can be inserted 
the tube/, the ends of which can 
l-e closed with gluss plates. 

We first direct the polarizer 'i 
towards some luminous sourtc, 
and the phenomena are simplitiei! 
by using monochromfttic light, 
i.e., a BuDsen flame playing on a 
/' ie Ictt empty or filled with water. 
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Now, if we look through the analyzing Nicol whilu revolving it, we 
shall be able readily to fiud a position iu which the iield of viaion 
uppears darkest. Suppose the index non' to he at the zero-point on 
the disc. Then, as explained above, on continuing the roiiition 
we shall find, in a complete revolution, another maximum of 
darkness at 180°, and the two maxima of light at 'iO° and 270" 
respectively. For purposes of aoieiitific observation, the points of 
greatest darkness are to be preferred as marks of reference, since 
at these points the least movement of the Nicol produces a percep- 
tible change in the appearance of the field of vision. 



§ 6. Now, if the tube be filled with a solution of cane-sugar 
instead of water and put in its place, the analyzer having been 
previously set to darkness (0° or ISO"), it will be found that the field 
of vision now appears bright, and to obtain the 
maximum of darkness we must turn the analyzer 
to the rightthrough a certain angle. If the plane 
of polarization of tlie fixed polarizer of the in- 
strument has the direction P P' (Fig, 14), so 
long as the tube is empty the rays cannot pass 
through the analyzer, since its plane of polari- 
zation A A' ia at right angles to P P'. But, 
if after the introduction of the sugar solution 
the field of vision exhibits the maximum of 
darkness when the plane of polarization oi the analyzer is revolved 
into the position a a', we are hound to conclude that the rays 
originally vibrating in the plane P P', in their passage through the 
solution, have experienced a certain deflection of their plane of 
vibration, and that their vibrations are now perpendicular to a a — 
that is, they take place iu the plane p //. 

The angle a, through which the analyzer has to be turned to 
bring a recurrence of darkness in the field of vision, and which can 
be read off on the graduated rim of the disc, is called the angle of 
rofatioii, and is the measure of the deflection experienced by the 
plaue of polarization. 

A number of other substances behave in the same way as cane- 
sugar — that is to say, the analyzer requires to be turned to the rig/ii 
hand from zero to reach the point where the light vfishes. Again, 
if the tube be filled with nicotine or a solution of amygdalin, the 
jih en omcnon of reappearance of light occurs as before; hut, in this 
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oaee, to set tha instrument back to darkneBB the analyzer has to 
be tamed to the left. These substances, therefore, cause a deflection 
of the plane of polarization to the left. 

This rotation of the plane of vibration, or of polarization, is 
called drcular polarization. Substances which exhibit this power are 
said to be circular- polarizing or optically active, and are distinguished 
as right-rotatinii (dextro-gyrate) or left-rotating (Imvo- gyrate), whilst 
those substances which have not this power are said to be inactive. 

Circular polarization was first noticed in 1811 by Arago, in rock- 
crystal. In 1815 Biot discovered the optical activity of organic 
bodies, and in a series of important investigations, extending over 
more than forty years, he deduced the laws and explained the 
nature of the phenomena. Hia observations form the basis of our 
present knowledge of the subject.' 

1 Biot: .ir™. (fc CArnd. 2, 41; 3, 177; 13, 39;13, 03; 16, 299. Ann. Chim. 
rkt/3. [2] 9, 372; 10, 63; 52,68; 69. !i2; 74, 401; [3] 10, S, 175, 307, 385; 11, 
S3; 28, 21£, 3gl; 29, 36, 311, 430; 36, 3fi7, 405; 59, 2Dti. 



NOTE BT THANSLATOE. 
For the Buke of uomn readera, it may be aa Well to add here a rather more explicit 
ooooimt of the action of a pieco of apparatus eo fundamental in polariscopic work as 
the Nicol priBoi, Taking' Fig'. 10 in the teit, let ua add to the author's oooBtmotion 
by drawing throiig'h m a both-ways perpendionlar {normai) to ai', as also througli p 
aiLd g simOar uonuals to d" b'. Now, m their passage through the first half of the 
prism, the rays are both bent lowardii the nonnai mn'i, (i.e., outward from the balaani), 
to extents due to their difEerent refractive indices, the ordinary ray m o [reCr. ind. 1-66) 
more than the eztraordiuarir ray mp (rcfr. ind. r52]. The refractive index for Oanada 
balsam for mean light being 1-S4, the extraordinary ray on meeting the line li' J' 
(whioh, to represent a layer of .sufficient thickness, must be broadened into a rhomboid) 
here encounters a medium of refractive power slmost identical iivith that of the 
oalo-Bpar which it left, so that this ray paases on with but B minnte deviation iiiicarda, 
doe to the baTsara being slightly more refractive than the spar for this ray. Oii the 
other hand, the balsam being rerj> considerably leas refractive than the calc-spar for 
the ordinary ray, causaa that ray to divei^ outwardi from the aortoBl, o n',, and so 
much so, that it cannot hold a course tlirough the balsam at all, but, inasmuch as the 
angle of incidence mon^ in the more refractive medlnm exoi.'eda the so-called crUiral 
nwyte, the ray sofFera lolal rejiection from the surface, so that the angle fONj equals 
angle mon^. The ei-ilieol angle, or angle at which a ray, issuing from a more refrac- 
tive into a \ess refractive medium, emerges just parallel to the bounding nurfaces, 
depends on the relative index of refraction. Simple geometrical considerations show 
that if the angle to the normal in the more refractive medium has a sine whose value 
is greater Uiun the ratio of the absolute indices, the ray cannot emerge into the lofis 
refractive medium. Now, in the case before ni< the ratio in i^uestion for balsam and 
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iring value of m o N], so that n 


B might just emerge in direction ad',ia6 


Ifnownio » 


re paiallel io ad", the angle . 


oujwoald be just 68", being oppomte 
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fabu been gmimd down to 6S° — tbefigmre miti'M, in thmt ouefoiminga 
^aDelogTani. Bat in passioff tlirough thv first half of tiie priam, tlie rsy IH i«f»cted 

Fio-. lOi. 90 tliat the augle moii, is Always greater tbui 

i' n rf'. ThoB we see thst by |jTiti(lin{f the end- 
f acea of the priam so that i'n^ = SB", we aeoore 
that the angle meH, aball always exoeed lbs 
oritical angle, and the importanoe of this pro* 
cedure in the coDRtruction i>f the prism beoomefi 
apparent. An to what happens when a second 
Nicol in used to receive llie eitraonlinaty ray 
emerging from the first, the foUawiug connder- 
atiooa may perhaps be fonnd nsetnl : — In all 
nniaxial crystals there an? two directjona at 
right angles to each other, the one of greatest 
remstance to the propugatiou of luminous vibra- 
tions, the other of least resistance. These plsnea 
are in the direction of the prinoipal oxib (see 
Fig. 6) and at right angles thereto. Cale-apar 
transniitB only such light, the yibrations of which 
take place in either of these two directions ; and 
all incident light propagated by vibrations in a 
plane at any other angle to the principal leotion 
is resolred into two such component rays. But 
the velocitiea of transniiaaion in the two directions 
are unequal ; that is, since amount of refraction 
depends on velocity of tninamission, the refrao- 
ttvB inden of the npar is, as we have already 
said, different in the two direutious. Now if the 
seoond Nicol be arrunged behind the first, so that 
corrcsponiling planes in the two prisms bo co- 
in oidont (as in Fig. 11), the extraordinary ray, 
coming into a plane of the same reiriatance as 
that which it left, is propagated with the same 
velocity as it had in the flnt prism, and is, 
therefore, similarly refracted, i.e., it takes a 
L^uurse mmilai: to inipq (Fig. 10) in tbc first Nicol, emerging unaltered. 

If. however, the necond prism be arranged so that corresponding planes shall 
irosa, then the extraordinary ray, coming into a new plane in which it travels with 
irreater velocity than before, is refracted accordingly, taking a eourae similar to Imor 
{Fig. 10) in the fintt Nioot, i.e., is totally reflected, so that no light emerges. Lastly, 
if the planes of the Niools be crossed at any other angle, the light oannut pass in the 
jilttne it encounters in the second Nicol, but is resolved into two iiomponents in tlie two 
directjons at right angles to each other, in which alone (as we have said) calc-spar 
transmits ligbt-vibnitions — iJiut component which takes the course of the prinoipal 
i«:tion being eliminated by the Canada balsam; whUst that which takes a oonrse at 
right angles thereto alone emerges. Now that reduction of intensity in lumlnoua 
;>ower which may be effected on a polarized ray emerging from one Nicol by opposing 
10 iU coujso an impaiaable plane of a second Nicol, is also efleded by opposing to its 
course a rotatory substance. The ray is made to vibrate in a difierent plane ; in other 
words, the plane of polarisation is rotated, and the resulting phenomenon is the saioe 
OS if the first Nicol hud been rotated to the same extent. The physical explanation of 
tJiis rotatory power is diseiisaed in succeeding chapters. — [D. C. R.] 
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GENERAL ASPECTS OF OPTICAL ACTIVITY. 



A. Classification of Active Substances. 



§ 7. Circular polarizing substances may be divided into two 
classes : — 

(1) Bodies which only in a crystalline state possess the property 
of rotating the plane of polarization, and which lose this property 
entirely when brought (either by solution or fusion) into an 
amorphous condition. Up to the present, only a few such active 
crystalline substances are known. In the table annexed these 
substances are recorded, along with the angle a, through which the 
ray D, or mean yellow light j (jaune), is rotated on passing through 
a plate of each substance 1 millm. in thickness. 



CiimabaT , . 

Rook crystal 

3odium clilurat<? 
^, bromatc 
, , periodate 

PotiLBBium ditMoTi 



Caldum ,, 

Pinmbio ,, 

Sodium Hulphantimonij 



line Biilphate 
liuanidine carbonate 
Diacetyl-pliBnol -pbtalem 



Formula. 



SiO, 

NaClO, 

NuBrO, 

NbJO,'+ 3H,0 

K,3,0„ 

SrS,'0, -(- fH.,0 

CaSiO, + i HT-O 

Pb3,0„ + 4H.O 

NbjSTjS. + DHnO I 

(UrO),.NB.3C;H,0.| 

C|„H„0 

CyH„0, 

f0«,H„O,)(C,H3O), 



I ppr 1 millm. 



DeBcIouieaiu 
Biot, Broch, &c. 
Marbach 



Hiiitso 
Desoloizear 

Bodewig 
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The crystala of these Bubstances are, without exception, either 
single -refracting (regular) or uniaxial double- refracting (hexagonal 
or quadratic). In the latter, the optical power is only displayed in 
the direction of the prineipal axis, and we have therefore to use 
plates cut perpendicularly thereto. Moreover, every one of tlie 
above specihed substanceB occurs both in right-rotating and left- 
rotating crystals, and the amounfiS of deviation are exactly the same 
for platea of equal thickness. 

Several of these substances— quartz, sodium periodate, dithio- 
nates, guanidine carbonate, and matico-camphor, give external 
evidence of the possession of this property by the existence of 
heinihedral or tetartohedral faces, which arc right-handed or left- 
handed according aa the crystal rotates to the right or left. 



^ 8, (3) Bodies which display rotatory power when dissolved, 
and, consequently, in the amorphous state. The substances of this 
elflss are, without exception, carbon -compounds, and either oeour 
naturally in vegetable or animal organisms, or as derivatives from 
these by simple raetamorpboses. No inorganic substance is known 
which in solution exhibits rotatory power, and it would seem that 
this property is a peculiar attribute of the cai-bon-atom. 

The substances in this class are either right-rotating ( + ) only 
or left-rotating ( — ) only, with the exception of a few which mani- 
fest the power in both directions. The subjoined table contains aa 
complete a list as possible of all active substances known up to 
the present time, with their most important derivatives, and also, 
in the last column, a list of compounds which, although nearly 
related to these substances, are inactive : — 



Sabsbtncei. 


Lffivo-rotatoiy. 


DeitTO-rotatory. 


Inaotive. 


cSTo,, 




CaiiB-augBr, Milk- 
aiigar, Myooso, 
MeUtow, Sfelezi- 
tose. Maltose 


ajiianthroM 


Sugars 


Invert-siig-!ir 
IuTerted3yi.aut1irow 

Sorbin 


DextroBe (Houay. 
susav, Grape - 
sujtar, StunJi- 
suffsr, Sttlicin-, 
Ainji^dalin-, 
Phlurtiizm -augar, 
Gum-sugur], 

Gfiikctose, Eacalyn 


l-uoste 
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Substances. 


LsBvo-rotatory. 


Dextro-rotatory. 


Inactive. 




Mannite 


Kitro-mannite 


Mannitose 




Lffivo-mannitaii 


Dextro-mannitan 






Maxmitone 


Nitro-mannitan 




ICannite 




Quercite 


Quercitose 


Group 




Finite 


Sorbite 






Iso-dulcite 


Dulcite, Nitro-duloiti 
Erythrite 




Matezite 


Bomesite 


Dambonite, Dambos< 




Inulin, Inuloid 


Starch, Xyloidin 


Cellulofle 






Dextrin, Glycogen 


Nitro-cellulose 


Carbohydrates 


Gum Arabic 


Gimi Arabic 




C. Hjo 0, 


Beetroot Gum 


Dextran (Fermenta- 
tion Gum) 


Pectin 




Amygfdahn, Amyg- 


• 

Quinovin 


Glycyrrhizin 




dalic Acid, Man- 


Apiin 




■ 


delic Acid 






Glucosides 


Salioin, Populin 
FhlorhiziUyDigitalin, 










Phloretin 




Gydamin, CJomferin 




Tannic Acids? 




Acetyl derivatives of 


Acetyl derivatives of 






Tnnlin 


Dextrose, Milk- 
sugar, Mannite, 
Mannitan, Dulcite 
and Starch 






Gommic Acid 


Glucosan, Saccharic 


Levulinic Acid 






Acid 


Mucic Acid 




Fermentation Amyl- 


Amyl-alcohol from 


Fermentation Butyl- 




alcohol 


Dextro-amyl Chlo- 


alcohol 






ride 


Octyl-alcohol from 


Derivatives 




Derivatives of Tiarvo- 


lUcinus Oil 


of the 




amyl-alcohol (Dl- 


Methyl-amyl 


above Groups. 




amyl, Ethyl-amyl, 


Amyl hydride 






Amyl chloride, io- 


Amylene from active 






dide and cyanide. 


Amyl-alcohol 






Amylamine, Amyl - 








valerateyValeric al- 








dehyde. Valerianic 
Acia,CapronicAcid) 












Para-lactic Acid Salts 


Para-lactic Acid 




and Ether Anhy- 








drides 
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L(B so -rotatory. 


Deitro-rotatoty. 


InaotiTS. ■ 




I4BV0 -tartaric Add 


Dextro-tsrtarin Acid 1 Fars-tartaTic Acid ^| 




Salts 


Salte ISyntheticTBrtaricAoid ■ 


L 






Pyro-tartaric Acid 
Nitro-tartaric Aoid 


■ 




Meta- tartaric Acid 


■ 




Di-tartario Acid 




■ 


Natural MaUc Add 


Malic Acid from Dei- 


Maleic Add 


■ 




tro-tartaric Aoid 


Pumario Acid 


■ 




or Asparagine 


Succinic Acid 


■ 


Arid Malatc at Am- 




Citric Acid 


w 


monia in Water 


in Nitric Aoid 


Citro- malic Add 






NcutralUalatea(Ziiio- 
and Antimon-Am- 

Water 




^Vegetable 
Aoidsand 
Jlied Subatiancos 


malic Aoid 






Asparagin in Aqueous 


ABparagiu in Acid 
Solutions 




B 


and Alkaline Solu- 




L 


A^nrtic Acid in Al- 
kaline Solutions 


AHpardo Acid in Aoid 


Aspartio Acid from 
fWaric OF Maleio 
Aoid 




Glntario* Aoid 


Glutamic Acid 




^B 


Quinio Acid 


Quinovio Acid in Al- 
kaline Solutions 






LactonicAcid 


Deitronio (Gluconic) 




^" 


Atraotjiio Acid 


Aoid 






liffivo-oil of 


Doxtro-oil of 


Camphene 






Tnrpentineor 
Australone 


Terebene 




(French, from 


{EndishorAmericsn, 






JV»«, nmrUi,na; 








Venetian, from 


AuitraliiauiTacda; 


Terpinol 




P. Larir, 


German, from 






Templin-oU, from 


P. aylveiirit, nigra, 






JP-PieeaoTl-umUio). 


and ^iie.). 




fpeaes 


Terebenthene hydro- 


AuBtralene hydro - 




5.H,, 


ehlorafe 


chlorate 






Liquid Terpinhy- 








drate 










Tetra-terebenthene 






Terpeno from Parsley 


Tetpene from Oils of 






Oil 


Lemon, Orange, 
and Poplar 
Cicutene 






Oils of Copaiba, Cu- 
bebs, Lavender, 


Anethol, Oils of Cas- 


Oilaof Anise, Cassia, 






Clovoa, Cinnamon, 




ParaleypRue-EoBes 


Coriander, Fennel, 


Gttulthoria, Bitter 


1 Tansy, Thyme, 


Nutmeg, Myrtle, 


Al>nondB,MuBtBrd, 


] Juniper, andCrieped 


Saasafras 


Thymol 


Etberenl OUb mint 






The toUowing are toth Deitro- and 




^^ i Ltevo -rotatory : Oils of Pappennint, Cu- 




^H joarilla 




^L • Irobttbly this should bo QluiimU acid [aid, p. 232).-[D. C. E.J ^M 
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Substances. 

■ 


Lcevo-rotatory. 


Dextro-rotatory. 


Inactive. 


. . . 


Sylvic Acid 


Podocarpic Acid 




BesinH 


Pimaric Acid 


Dextro-pimaric Acid 






Guaiacum Acid 


Euphorbone 






Matricaria-camphor 


Ordinary Camphor 


Lavandula-oa.mpho 




Menthol, Patchouli-, 


Bomeol, A mber-cam- 






Blumea-(Ng ai)and 


phor, Kosemary- 




- 


Rubia-namphor 


(Ledum) camphor 








Ethyl- and Amyl- 


Camphrene 






camphor 








Camphor Bromide 






Bomeene 








Camphoric Acid, 


Camphoric Add,from 
ordinaiy Camphor 


Sulpho-camphoric 




from Matricaria- 


Acid 


Camphors 


camphor 






and Allied 


Camphoric Anhy- 


Camphio Add 




SnbstATices 


dride and Cam- 
phoronicAcid,from 
Dextro - camphoric 
Acid 










Cymol, from Oil of 


All other Cymols 






Cumin and Cu- 








minol 






Carvol, from Crisped 


Carvol, from Cumin- 






mint Oil 


oU 






Citronellol 


Absinthol 


Safrol 






Myristicol 


Geraniol 




Quinine, Cinchonidine 


Quinidine (Conchi- 






Homocinchonidine 


nine) , Quinicine , 






Paytine, Cusconine 


Cindionine, Cincho- 






Aricine 


nidine, Quinamine 
Quinidamine,* 

Quinamicine, Diho- 
mo-cinchonicine * 

Apodiquinicine * 






Morphine, Codeine 




Meconine 




Narcotine in Alcohol 


Narcotine in Hydro- 


Narceine 


Alkaloids 


Pseudomorphine 


chloric Acid 


Hydrocotamine 




Thebaine, Papaverine 




Cryptopine 




Laudanine 


Laudanosine 






Strychnine, Brucine 




Aribine, Betaine 




Nicotine 


Conine 


Paraconine 




Atropine 


Cicutine 


Berberine 




Aconitine 


Pelosine (Buxine) 


Veratrine 

Emetine 

Piperine 




G-eissospermine 


Pilocarpine 


Sanguinarine 




Santonin 


HydroBantonic Acid 


Ostruthin 


Indifferent 


Santonic Acid 


Hsematoxylin 


Leucotin 


Substances 


Picrotoxin 


Echicerin, Echitin 


Oxyleucotin 




Ja.lapin 


Echitein, Echiretin 


Hydroootoin 



Cl.ASSIFICATtON I 



TIVK SUHStANCKS. 



Glyoocholic Acid 
Taurochotiu Acid 
Choi alio Aold 
Choloidic Acid 
Hyoglyoooholip Auid 
Hyoonolciidio Acid 
LitbafsUic Acid 



.-il 



Oelutjn, Chundrin 



Serum-albumin 

EKg-albumin 

Piinilbumm 

lun-albiuninate 
Casein, STntonin 



iiy 



irii.*i 



Ms 

Ml:; 






m 

'it 



According to the foregoing list, the number of natural active 
Hiil»taitces known amounts to about 140, of which 65 are left- 
rotating, 60 right-rotating, and 15 both right and left-rotating. 

Of active derivatives, counting all hitherto ejtamined salts of 
the alkaloids and vegetable acids, there are at least as many known, 
thus bringing the total number of optically active carbon-compounds 
np to close on 300, and no doubt many other substances hitherto 
miexamined possess the power of rotating the plane of polarization. 

Substances which display the rotatory power when in a state 
of solution, and are crystallizable, are not found to exhibit optical 
activity in the crystalline state, as when a polarized ray is passed 
through plates cut from them. This is the case with cane- 
Bugar, tartaric acid, asparagin, camphors, etc. (see Blot,' Deacloi- 
.xeaox'). Now the phenomenon of circular polarization is only 

trvable in single -refracting or in uniaxial double-refracting 

itols, and in the latter only in the direction of the optic axis. 
Bnt the substances just referriHl to are all biaxial, and thus in no 
ition single-refracting; consequently, ci>fw/(7r double-refraction^ 

Id not in any case be observed in them, as it would be over- 
powered by the more marked phenomenon of ordinary double- 
refraction. Whether they are really inactive in the crystalline 
^tato is undecided. 

1 Biot : Mhn. de CArad. 13, 39. " Deecloizeaux : Pogg. Ann. 741, 300. 

' The eipreaaion refers to Frosnel'fl theory of circular poInrizatioTi, iai Viaijo. ■&« 
r»jB are supposed to yibrute in opposite oiroolar paths. See ^ \1. — ^Ti.CS.."^ 
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But when these Bubstances are brought into the amot'phous solid 
form their optical activity is retained — a fact first observed by 
Biot with cast platea of sugar and tartaric acid.^ 

S 9. As a third and distinct class are regarded those substances 
which are known to exhibit rotatory power both in the crystalline 
state and in solution. At present only two such substances are 
known, viz,, strychnine sulphate crystallizing with water in quad- 
rate octahedra/ and regular amylamine-alum.^ 

B. Nature of Rotatory Power. 

§ 10. The fact that substances in the first of the above classes 
manifest rotatory power only in the crystalline state and lose it 
directly they are brought into solution, is proof that the rotation 
is dependent on crystalline structure — that is, upon a particular 
arrangement in the groups of molecules (forming the crystal). 
Dissolution or fusion breaks up this arrangement, and the optical 
power is consequently lost. In this case then the phenomenon is 
purely physical. 

The second class of substances, on the contraryj exhibit rotatory 
power in the liquid state. Now there is every reason to believe 
of matter in this form that the smallest quantities, capable of 
independent motion as units consist, not of individual molecules, 
but of groups, and it may therefore be conjectured that the solution 
of a solid in a liquid does not entail a complete separation of tlic 
molecules from each other, but that they still exist in compositi' 
groups.'* Whenever, therefore, we find liquids exhibiting rotatory 
power, we might assume that, as in the case of crystals, the cause 
lies in the mode in which the molecules group themselves. Thu^ 
again the phenomenon, would be purely physical. 

But for this supposition to be correct the rotatory jiir- 
perties of active substances should vanish when these group- 
ings are really broken up — that is, when the substances are brough' 
into the nonna gaseous state. This important point was firm 
investigated by Biot,^ in 1817. He filled a tin tube, fitted at botli 

' Biot: Mem. derAi:ad.l3, 126. Ann. dim. Fhya. [3] 10, 175; 28, 3fil. 
' Bcscloizeaux : Fagg. Aim. 1 02, 474. 
^ LeBel: Ber.d. deulanli. data. GeieU. 5, 391. 

' See, DQ thifl point, Naumami; Ueber MoltmivtrbindaKgeH tuieh /trim Vtrhittniisin 
Heidelberg, 1872, pp. 37—49. 

' Biot ; Mlm dt CAcad. 2, 114. 
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I plates, and oO metres in length, with vapour of 
oil of turpentine, which he found had still the property of pro- 
ducing a certain amount of deviation in a ray of polarized light. 
Unluckily, before the observations were completed, the vapour 
accidentally caught fire, and the apparatus was destroyed. The 
experiment was next tried by D. Gej-nez,' in 1864, who, with the 
aid of instruments of a superior kind, determined the rotatory 
powers of various active substances at rising temperatures, and 
eventually in the gaseous state. The substances thus examined 
were orange-peel oil (-|-), bitter orange oil { + ), turpentine oil (— ), 
and camphor ( + ). In each the specific rotation [a], that is, the 
angle of rotation calculated for equal densities, = 1, and equal 
lengths of layer = 1 decim. diminished as the temperature increased; 
and when the same substances were tested in the gaseous state 
they gave a specifiu rotation merely reduced in proportion to the 
temperature to which they had been exposed. The table 
shows the results obtained with oil of turpentine and camphor 



State of 


f^l) 


Denaitr 

compared with 

water, d. 


Obeerred 
Ani^le of 
Rotation, o. 


Length Of 
Tube in 
dedm., I. 


Speoifle 
Sotation 






OUofTHrpmti 


e (lefl-rotttting) 






Liquid 


ir 


0-8712 


16-97° 


0-5018 


36-53 


i)8" 


0'7996 


U'17° 


0-fi02I5 


30-04 




164° 


0-7506 


la-so- 


0-50237 


36-81 


V^porizeA 


1BB° 


003987 


6-78'' 


40-61 


36-49 




ObHerved D 


enidty of Vapou 


T at 108° Cent. = 


4-981 






Calculated 


Ca,nph»r (ri 


ht-rotatiog). 


4-700 




Halted 


204^ 


0-812 


31-46° 1 


0-5508 


70-33 


Vaporized 


220° 


0003813 


10 'OS" 1 


40-63 


70-31 



It will be seen that the observed densities of the vapours used 

' Geniez : Ann. Sni-al. tie I' hole norm. sup. 1, 1. 
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1 the experiment agreed very nearly with their calculated densities. 
The polarized ray must therefore have been influenced almost 
entirely by individual molecules, not by groups. The rotatory 
power [a] was, however, manifested to ita full extent, and the con- 
clusion is that here optical activity must be u property resident, 
in the molecule itself, and dependent on its atomic structure. Tbe 
phenomenon is thus seen to be really chemical. 

The optical activity of crystals and that of liquids are, therefore, 
wholly distinct phenomena, and to the latter Biot has given the 
name of moleciiiur rotation, indicating that it is a property resident 

1 the individual molecule. 



S 11. Magnetic Rotation. — A rotatory movement of the plane 
of vibration of li ray of polarized light can be produced in all 
transparent isotropic bodies, solid or liquid {as glass, water, Ac), 
by placing them between the polea of a iuagnet, or within the lielis 
of an induction-coil. This so-called magnetic rotation differs alto- 
gether from rotation as seen in naturally active substances. It 
lasts so long only as tbe electric influence is continued; it varies 
degree with tbe intensity of the latter; and it takes a right- or 
left-handed direction, irrespective of the medium, according to the 
position of the poles of the magnet or the direction of the electric 
current. There is also this further characteristic difference between 
the two. Let a polarized ray be transmitted through a naturally 
active substance, which, for the sake of example, we will say ia 
right- rotating. Then the deviation of the plane of polarization wiU 
always be such that, to follow the movement of the ray, the 
instrument must be turned towards the right of the observer-— that 
is to say, the direction of rotation, with reference to that of propa- 
gation of the ray, is invariable. If after passing througli the 
refractive medium the ray is returned into it by reflection, and 
tbe analyzer brought round to the same side as the entering ray, 
it will be found that rotation is annulled. The rotation dependent 
on magnetism is of a quite different character. The ray transmitted, 
let us say, from south to north pole, in the direction of the 
observer, will appear deflected towards the righi hand, and, trans- 
mitted from the opposite end of the tube, towards the left. If 
the raj' transmitted from south to north pole be reflected back, it 
will appear farther deflected to tbe left, so that an analyzing Nicol 
placed to receive it must be rotated to the left thiough an angle 
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sqVuil to double the previous angle of rotation. If again brought 
baok to the north end by a second reflection, this third trans- 
mission of the ray through the refractive medium will curry the 
analyzet placed at the north end through an angle equal to three 
times the original angle of rotation, and so on. The same thing 
happens when circular polarization is induued by an electric current, 
the rotation always taking the direction of the induction -current 
from the observer's stand-point. 

Magnetic rotation, not being a property of the chemical mole- 
cule, need not be further discussed here. 

§ 12. The optical theory of circular polarization in quartz is due 
to Fresnel.' According to him there occurs in quartz, in a direction 
parallel to the main axis of the crystal, a peculiar kind of double 
refraction, whereby a linear polarized ray on entering is decomposed 
into two raya, each of which pursues a helical course, the one 
turning to the right, the other to the left. On emerging, the 
two circular-polarized rays unite into a single linear- polarized ray 
again, but if the velocities with which they have traversed 
the refractive medium have been imequai, the plane of vibration 
of the emergent ray will have a different direction to what it had 
originally. It will follow the hands of a watch — that is to say, it 
will have rotated to the right — if the circular-polarized ray turning 
ill that direction has had the superior velocity, and vice vend. The 
existence of these divided rays in rock-crystal was experimentally 
fstablished by Fresnel, and subsequently by Stefun,^ and also by 
Dove,^ who found that iii coloured quartz (amethyst) they were 
unequally absorbed. The theory of circular polarization has since 
lieen treated mathematically by Clebsch,^ Eiaenlohr,^ Briot," v, Lang^ 
and others. 

Regarding the structure requisite in a crystalline medium to 
^jroduce rotation of the plime of polarization, a tbeory has been 

wed of an unequal condensation in certain directions of the 



' Freanal: Ann. OHm. 

SAnfl., 2, 589. 
' Stefan: Pogg. vjn». 124, 623. 

• Dove : Pagp. Aon. 110, 2B4. 

+ CHebgcli: CrclU'fJotim.f. Math. 57, 
' EUenloliT: Fogg. Ann. 109, 241. 

• Briot: Coiaples Senif. 50, 141. 

r. Idsg: Fogff. Aa>i.^^Q,7i. Erg. 



2&, 147; 



s ZcLriiirA dtr Fh'js 
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ether surrounding the molecules, considerable enough in referenc 
to the wave-length of the transmitted ray, and conditioning, 
course, a particular molecular structure of the substance, 
connection between the direction of rotation and the ap] 
of right or left-handed hemihedric planes in active crystals 
led to the supposition that their ultimate parts are superposed so 
to form right-handed or left-handed helices. This view, sug^ 
by Pasteur,^ Rammelsberg,^ and others, appears highly probal 
from experiments first instituted by Reusch,^ and more recent 
further extended by Sohncke.* If a number (12 to 36) of 
laininu) of optically biaxial mica be superposed in the form of 
$piml, so that the principal section of each may form a certain angl 
(45'', 60^^ W, or 120°) with that of the preceding one, an optic 
combination is produced, which causes rotation in a ray of pol 
light piwisely like an active crystal, the direction of the rotatic 
being to the right or left hand according as the plates are arranj 
in a right or left-handed spiraL The optical properties of si 
mica-combinations were minutely investigated by Sohncke, who hi 
arrived at the conclusion that, provided we use sufficiently thii 
lamina\ we shall obtain combinations exhibiting rotation-phenomei 
more nearly obeying the laws found to hold good for quartz anfls 
other active crystals. Hence, Sohncke considers as, to say tlif is 
least, probable, that rotatory crystals possess a structure analo] 
to that of these mica-combinations, 

§ 13. As to rA^ coH^titutioM of actirt' liquids, we are driven 
seek for the peculiarity of structure on which their power of rotatic 
depends in the amingement of atoms in the molecule. Now, Pasteai 
suppose;> that molecules — ^like all other material objects — ^may 
divided* in respect of shape and the repetition of their symmetric 
|>art5;* into two grtjat classes, viz.: — 1. Those whose images 
superposable by the bodies themselves ^as straight flights of stej 
diot\ i!te.\ -. Tlit>^ whose images are not superposable (as windioj 
s:Ai^:^. screws, irreirular teti^ihedrons, i<\'\ and which mav 

2. <>%* *. •,'•« . 9r'**f>s:i> r« InW, P»ns» IS^l. 

Kc«Bv'C: JWy- -i%». 138, «». 
• :^>i;&.<^, :-V5r -*«. i:-y. M. 8 Ifi 
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of tteo etruccu rally opposed (or enantioinoi'phous) shapes. 
scules of the former class possess eynimetry of structure ; those 
i latter class have their atoms disposed asymmetrically, and 
' Hceordingly exhibit optical activity. In 1848, Pasteur' made the 
important discovery that inactive para-tartaric acid is separable into 
right-rotating and left -rotating tartaric acids ; and the sodium- 
ammonium salts of these two acids are distinguishable from each 
other by the presence of dextro-hemihedric and Icevo-hemihedric 
planes respectively. Moreover, these salts retain their opposite 
characters in solution, by exhibiting opposite rotatory powers. Hence 
wc may suppose that the property of asymmetrical structure of 
opposite kinds, such as we have seen in ciystals, may occur in 
molecules also, and the precise nature of the arrangement of the 
atoms, or rather atom-groups, may reasonably be assumed to be hero 
also of a helical kind. Whether the phenomenon of circular double- 
refi'action, as exhibited by crystals, occurs also in active Kquids is 
still an undecided point, several experiments made by Dove'' on 
sugar solutions and on oil of turpentine having led to no conclusive 
result. 

Hence, according to Pasteur's^ views, the different optical modifi- 
cations of tartaric acid may be explained on the supposition that in 
dextro-tartaric acid the atoms which go to form the molecule are 
grouped in right-handed helices, whilst in lie vo- tartaric acid they 
are grouped in helices, equal in size, but left-handed in direction : 
and henue, too, the inactivity of racemic (para-tartaric) acid on the 
ground of its being formed by the union of equal molecules of the 
two former modifications. But besides these, other forms are well 
known, optically inactive, hut not separable into the two optically 
active acids. To explain the existence of these, some other assump- 
tion is necessary, either that the helical structure is in their case 
abolished (untwisted), as Pasteur suggests, or that their inactivity 
arises from compensation within the molecule which is composed of 
two atom- groups possessing opposite rotatory powers. As to chemical 
structui'e, however — that is, the distribution of affinities between the 
atoms— they do not differ from the other isomeric acids. 

Analogous optical modifications have been observed in a few 
iither substances, which have been brought together in the table on 
page 22. 

' Paatour: Ami. C/iim. Phi/«. [3] 24, 442 ; 28, 56 ; 38, 437- 

" Dots: Fogy.Aitii. llOi 390. * Pastenr: Btehtrchn, &e. p. 3B. 
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ACTIVE. INACnVE. 



Combi^tion of ! By Difference 



eqmyalent i ^ *^® 

Dextro-rotatory. Laevo-rotatory. Molecules of Atomic Structure 

right and left-handed „^ *^® 

Modifications. Molecule. 



Dextro-tartaric Acid Leeyo- tartaric Acid . Para-tartaric Acid Meso-tartaric Add 



Malic Acid from Natural Malic Acid Malic Acid from Malic Acid from 



Dextro - tartaric 
Acid» 



Para-tartaric Acid* Succinic Add 



Laurel or ordinary ' Matricaria Camphor Racemoid [or Para] 
Camphor Camphor^ 



Camphoric Acid from Camphoric Acid Para - camphoric Meso - camphoric 
Laurel Camphor . from Matricaria Acid from Para Add^ 

Camphor Camphor or La- '' 

vender Camphor 



Similar conditions are found to exist in other substances, with 
the diflFerence that the two oppositely active isomers exhibit unequal 
rotatory powers. 

Thus, the following occur in dextro-rotatory ( + ), laevo-rotatory 
( — ), and inactive (0) forms: — glucose (as dextrose +, laevulose — , 
and glucose obtained by heating cane-sugar with water to a t,empera- 
ture of ] 60° Cent., 0) ; terpenes (australene, the English oil of turpen- 
tine 4- , terebenthene, the French oil— , terebene 0) ; amyl- alcohol (that 
formed from the laovo-alcohol by conversion into the chloride and 
reconversion into alcohol +, fermentation-amyl-alcohol — , and the 
modification obtainable from either by distillation with caustic 
potash 0). See Le Bel* ; Balbiano." 

In many substances one of the two active modifications is un- 
known. For example: ethylidene-lactic acid (from muscle juice +, 
by fermentation or synthesis 0) ; cymol (from oil of Roman cumin -|-f 

* Bremer: Jier. d. deutsch. chem. Gesell. 1875, 1594. 

- Chautiird : Com jdcs Rend. ^ 38, 166; 56, 698. Erdmami : Journ. fur prakt. Chem, 
90,251. 

3 Ohautard: Jahrrsh. fur Chem. 1863, 304: .Tnngfleisol: • Tnhrenh. ftir Chem. 1873, 
631. Wrodou: /.»>%'« .iww. 167, 302. 

* Le Bel : Bull. hoc. chim. [2] 25, 545. ^ Balbiano : Jahnah. fur Chein. 1876, 348. 
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eyntbetic cymolB 0); mandelic acid (from amygdalin — , from 
benzoic aldehyde 0) ; aapartic acid (from active asparagin in iinid 
solutions +, from fumaric or maleic acids 0), 

Lastly, in a few substancea the inactive form is still unrecog- 
nized, as, for example, in borneol (as dryobalanops camplior +, as 
bluraea (Ngai) camphor, and camphor from fermentation of madder- 
sagar — ) ; carvol (from cumin-oil and dill-oil -1-, from mint-oil — ). 
See Fliickiger.' A whole series of ethereal oils exist in botb dextro- 
rotatory and lie vo- rotatory modificaliona. 

Optically different modifications of particular substaneea are 
found, in some cases, to exhibit differences in their other properties. 
Thus, the salts of active para-lactic acid are distinguished from those 
of inactive fermentation -lactic acid by diflbrent amounts of water 
of crystallization and somewhat diflerent degrees of solubility 
(Wislicenns). Para-tartaric acid is more difficult of solution than 
the active tartaric acids. In their behaviour with inactive substances, 
Pasteur finds no difference between dextro- and Isevo- tartaric acid ; 
thus their potassium, sodium, and ammonium salts, tartar emetics 
and tartramides exhibit no difference beyond opposite rotatory 
powers and the occurrence of incongruous hemihedry in the 
crystals, But it is otherwise when the two acids are allowed to 
react with active substances, as asparagin, quinine, strychnine, 
sugar, &c. "Where combination takes place the compounds formed 
differ from each other in crystalline form, specific gravitj', water of 
crystallization, and in the readiness to decompose under the action 
of heat, Dextro- tartaric acid forms with asparagin a highly 
c ry stall iz able substance, laBvo-tartaric acid does not : laivo-acid malate 
of ammonia combines with dextro-acid tartrate of ammonia to form a 
crystal lizable double salt, but not with the laavo-tartrate ; Iffivo- 
tartrate of cinchonine is more difiieultly soluble in water than the 
dextro-tartral* : dextro -tartrate of ammonia is decomposed by fer- 
ment-action, whilst Iffivo- tart rate undergoes no fermentation, and 
I aevo- tartaric acid can, in consequence, be obtained in this way 
from para-tartaric acid, and so on.- To illustrate these peculiarities, 
Pasteur suggests the case of two screws — one right-handed, the , 
other left-handed — driven into separate pieces of wood. When the 
fibres of the wood are rectilinear (inactive substance), two systems 
of the same kind will be produced ; but this will no longer be the 

I Fliioidgar: Str. d. dcitUch. ehem. Omell. 1876. 468. 
s PHBteor: Comptii JUnd. 46, 6)fl. 
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case when the fibres are themselves arranged helically, and especially 
when the helices take opposite directions in the two pieces. 

Incongruous hemihedric faces are found in most crystallizahle 
active substances. Pasteur^ has observed them not only in the tartaric 
acids, tartrates, tartramides, and amic acids, but also in the crystals 
of acid malates of lime and ammonia, valerianate, and chloride 
of morphine, &c. In other cases, however, they are absent, as in 
active amy 1- sulphate of barium.- Incongruous hemihedry, moreover, 
is found to occur in some crystals exhibiting no rotatory power, as 
formiate of strontium and magnesium sulphate.^ The two charac- 
teristics are, therefore, not inseparable. 



C. Dependence of Optical Activity upon Chemical 

Constitution. 

§ 14. On this question Hoppe-Seyler* and also Mulder,^ pro- 
ceeding on the ground that the rotatory properties of natural organic 
substances appear to be to some extent inherited by their derivatives, 
have expressed an opinion that optical activity is not dependent on 
the whole atomic structure of the molecule, but only on a particular 
part of it. The original compound they assume to include one or 
more active radicles, which in the derivatives may either appear 
unchanged or transformed into new but still active groups, or are 
eliminated altogether. 

A theory has lately been proposed by Le Bel,* and nearly at the 
same time by vau^t Hoff,^ which is much more plausible, and inas- 
much as it brings into direct connection the rotatory poweirs and the 
constitutional formulae of substances, is of special significance to 
chemistry. Le Bel first suggested, that when a carbon-atom occurs in 
combination with four different radicles, a molecule of asymmetrical 
shape is constituted, which, as such, should exhibit rotatory proper- 
ties. Van't Hoff, proceeding on a hypothesis of his own respecting 

1 Pasteur : Amt. Chim. Fhya. [3] 38, 437 ; 42, 41S. Compter Band. 35, 176. 

* Pat^ur : Comptes Rmd. 42, 1259. 

» Pasteur: Ann. Chim. Phys. [3] 31, 67. 

^ Hoppe-Seyler : Joum. fur prakt. Cfiem. 88, 274. 

* Mulder : ZeUseh, fur Chem. 1868, b^, 

« Le Bel: Bull. Soc. Chim. [2] 22, 337 (IS74). 

7 J. vau't Hoif : Bull. Soc. Chim. [2] 23, 295 (1875). La ohiMiie dam re»paet. 
iU^^^rdasoL, 1875. Oemuui ed. by F. Hermazm, Din Lagitmng der Atome «m Rtmm. 
Itw^i^ 1^77. 



DI':PENDENCE of OPTICAI. ALTIYIIT LIPON CHEMICAI. CONS-I'ITI'TION. 25 

the ultimate arrangement of atoms in space, was led to the same idea, 
in the working out of which a quite new stand-point has been 
reached in the subject of optical activity, as to the number of possible 
active and inactive isomers. This may briefly be explained as 
follows : — Let us suppose a substance formed on the type CR^ to 
be represented by a tetrahedron, in which the carbon-atom occupies 
the centre, and one of the radicles (simple or compound) combined 
with it, each of the four summits. It follows that when the radicles 
are all different, and exhibit different affinities for the central carbon- 
atom, their proximity to the latter will also be different. Such a combi- 
nation CR, RjRijEj corresponds to an irregular tetrahedron destitute 
of planes of symmetry, and may always exist in two enantiomorphous 
forms. These two tetrahedrons will each exhibit, with reference to an 
axis parallel to a given side, a helical arrangement of the four summits, 
following a right-handed direction in one and a left-handed direction 
in the other. Such a carbon-atom, in combination with four different 
radicles, which van't Hoff denotes by the term asymmetrical, admits 
Ihe possibility of two modifications of optical activity, the rotatory 
powers being equal in degree but manifestec! in opposite directions. 

In substances possessing two such asymmetrical carbon-atoms, 
and having their molecules composed of two similarly formed atom- 
groups, we may have, according as the groups themselves possess like 
or opposite activities, not only right- and left-handed modifications of 
the compound, but also an inactive form resulting from intra-molecular 
compensation. Of this we have an instance in the case of the tartaric 
acidfl (COOH . CHOH) (CHOH . COOH). If the number of asym- 
metrical carbon-atoms be further augmented, we shall obtain from 
the combined effect of the several atom-groups, partly positive and 
partly negative in their action, a still larger series of differently active 
modifications, consisting of pairs having equal but opposite activities ; 
the existence of sevei'al inactive forms becomes at the same time 
possible. (Bodies of the mannite group, glucoses, &c.) 

If we consider the chemical formula; of active compounds, the 
chemical constitution of which is known, we shall find that these 
always contain one or more asymmetrical atoms of carbon, and that 
no active organic substance can be adduced in which such atoms 
are wanting. 

On the other hand, we find that there exists a large number 

(of substances, containing asymmetrical carbon-atoms, in which the 
power of optical rotation has not been observed, and it becomes a 



queation how this absence of power is to be accounted for. The 
following Buggestions are made by van'tHofF: — 

1. Wben such substances liave a symmetrical chemical constitu- 
tion, the occurrence of internal compensation (as already mentioned) 
may explain their inactivity (as in erythrite, dibromo-succiuie 
acid, &c.}. 

2. The inactive snbstancea in question may in reality be com- 
pounds or mixtures of two isomers, with rotatory powers of equal 
intensity but opposite directions (para- tartaric acid), and in many cases 
these isomers, owing (o the similarity of their other properties, are 
difficult to distinguish from one another, and have not yet been 
separated. In forming artificially substances containing asymraelrical 
carbon, it is probable that an equal number of molecules of the 
right- rota ting and left-rotating modifications is always produced. 

3. Many substances have not, up to tbe present time, been siil- 
jected to optical examination, or have been examined in a very super- 
ficial manner, and it is possible that owing to feebleness of action, 
inherent in or caused by the difficultly soluble nature of the substances, 
their rotatory powers may have been overlooked. (Maunite, for 
instance, which at one time was regarded as inactive, has lately ' 
been shown by Boucliardat' and by Vignon^ to possess rotatory 
power.) 

To test as fully as possible the value of van't Hoff'a hypofchesia 
of the connection between asymmetrical carbon -atoms and the 
occurrence of optical activitv, the following tabular arrangement has 
Lieen prepared. The substances are grouped as follows : — 

0. A list of active substances containing asymmetrical oarbon- 
atoma, the latter being indicated by the prefix *. 

b. A list of substances closely related to the above, but which 
are inactive and contain no asymmetrical carbon-atoms. 

c. A list of substances containing asymmetrical carbon-atoms, 
but which, so for as is known at present, exhibit no opticel 
activitv. 




beei 



ipressed so as to show the similarity oi 
four radicles in combination with the centnc;i 



BonchsmlBt : Coniples Smd. 80, 120; 84, 34. 
Vignon : Compta Send. 78, 148. 
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Cg Group. 



I. Ethylidene-lactic Acid 



Active. 



(C H,)-*C H (0 H)— {C 0.0 H). 



Inactive. 



Ethylene-lactic Acid 
Propionic Acid 
Glycerine 
Tartronic Acid 
Malonic Acid 

Propylene-glycol 
Glyceric Acid 
a-Bromo-propionic Add 
/3-Dibromo- propionic Acid 
Propylene-dichloride 
Propylene-chlorhydrin 



(CHj.OH) 
(CH3) 

(CHj.GH) 
(CO.OH) 
(CO. OH) 

(CHs) 
(CHj.OH) 

(CH3) 

(C H2 Br) 

(CH3) 

(CH3) 



CKj— (CO.OH). 
CHj — (CO.OH). 
CH(OH) — (CH2.OH). 
CH (OH) — (CO.OH). 
CH2— (CO.OH). 

♦CH(OH) — (CH2.OH). 
♦CH(OH) — (CO.OH). 
♦CHBr— (CO.OH). 
♦CHBr— (CO.OH). 
♦CHCl— (CHjQ). 
♦CH(OH) — (OH2CI). 



7. Tartaric Acid 
Tartramide 
MaUc Acid 
Malamide 
Asparagin 
Aspartic Acid 



C4 Group. 



Active. 



(CO.OH) 

(CO.NH2) 

(CO.OH — CH2) 

(CO.NH2 — CH2) 

(CO.NH2 — CH2) 

(CO.OH — CH2) 



♦CH (OH) — [*CH (OH) — (CO.OH)]. 
♦CH (OH) — [♦CH (OH) — (CO.NH2)]. 
♦CH(OH) — (CO.OH). 
♦CH(OH) — (CO.NH2). 
♦CH(NH2) — (CO.OH). 
*CH(NH2) — (CO.OH). 



Inactive. 



b. 



e. 



Succinic Acid 
Normal Butyric Acid 
Iso-butyric Acid 
Butyramide 
Fumaric Acid 



(CO.OH) 

(CH3-CH2) 

(CH3) 

(CH3-CH2) 

(CO.OH) 



Erjrtlirite 

Monobromo-succinic Acid 
DibromO" succinic Acid 
Dimethyl- succinic Acid 
Pyro-tartaric Acid 
Secondary Butyl-alcohol 
/8-Butylene Glycol 
o-Hydroxy-butyric Acid (C Hg — C Hg) 
/8-Ditto ditto (CHg) 

Aldol (CHg) 

Chlorobutyl-aldehyde (C Hg — C Hj) 
Normal Butylene Dibromide (C Hg-C Hj) 



(CHg. OH) 
(CO.OH) 
(CO.OH) 
(CO.OH) 
(CO.OH) 
(CH,) 

(CHg) 



CH2- (CH2 — CO.OH). 
CH2 — (CO.OH). 
CH(CH3) — (CO.OH). 
CH2 — (CO.NH2). 
CH=(CH~CO.OH). 

•CH (OH)— [♦CH (OH) - (CH2 . OH)]. 
♦CHBr— (CHj — CO.OH). 
♦CHBr— [♦CHBr— (CO.OH)]. 
♦CH (CHg) — [♦CH (CHg)— (CO . OH)]. 
♦CH(CH3) — (CH2 — CO.OH). 
♦CH(OH) — (CHo — CHg). 
♦CH(OH) — (ChI— CH2.OH). 
♦CH(OH) — (CO'OH). 
♦CH(0H) — (CH2 — CO.OH). 
♦CH(OH) — (CH2 — CHO). 
♦CHa— (CHO). 
♦CHBr — (CH, Br). 
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Cj Group. 

Actiye. 
a. Active Amyl-alcohol (CH, — CH,) — •CH (CH,^ — (CH2 . OH). 

„ Valerianic Acid (CHj — CH3) — •CHCCHs) — (CO. OH). 

Oxy-glutaric Acid (CO.OH — CH, — CH3) — 'CH (OIQ — (CO . OH). 
Glutamic Add (CO. OH— CHj — CH3) — ♦CH(NH2) — (CO. OH). 

InactiYe. 
h. 1. Priiiiai7l8oamyl-alcohol(CH3 — CH.CH,) — CH, — (CH2.OH). 
Tertiary Isoamyl-alcoholCC H3 — C . O H . CH,) — CH, — (CH3). 
iBO-valerianic Add (CH3 — OH.CH,) — CH, — (CO.OH). 

OxypyTo-tartaricAdd(CO.OH— CH,) — CH.(OH) — (CH, — CO. OH). 
CitricAdd (CO.OH — CH,)— C(OH)(CO. OH)— (CH, — CO.OH). 

e. 1. Sec.Normal Amyl- 

alcohol (CH3 — OH, — CH,) — ♦CH (OH) — (CH3). 

Sec. Isoamyl-alcohol (OH3 — CH . CH3) — ♦CH (OH) — (CH3). 
Ifloamylene-glycol (CH3 — CH . OH3) — ♦CH (OH) — (CH, OH). 

a-Hydroxyiso-yalerianic 

Acid (0H3 — CH.CH,) — ^CH (OH) — (CO.OH). 

Ethometh-oxaUc Acid (C H, — C H3) — ♦C (O H) (C H3) — (C O . O H). 

Cg Group. 

Active. 

a. Active CapronicAcid(CH3 — CH2 — CHJ — ^CH(CHs)— (CO.OH). 
Mannite CH,. OH — (♦CH. OH)^ — CH,. OH. 

Dextrose CH,. OH — (♦CH . OH)^ — CHO. 

Saccharic Acid CH, . OH — (♦CH . OH)^ — CO.OH. 

Dextrin* CH2OH — ♦CH.OH — ♦CH.OH— *CH — ♦CH — CHO. 




O 

Appended we may place : — 

O 




Cane Sugar 



CH — ♦CH — ♦CH.OH — ♦CH.OH — »CH.OH — CHo.OH. 



CH — ♦CH — ♦C(OH)(CH,OH) — •CH.OH— CH2.OH. 




O 
O 




CH — ♦CH — *CH. OH— ♦CH.OH — ♦CH.OH — CH,. OH. 

I 
Milk Sugar! O 



CH — ♦CH — ♦CH.OH — C(0H)(CH2. OH),. 




O 

1 Fittig: Zeitaeh.f. Bubenzueker-Ind, 1871,288. 



. 
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Inactiye. 
NormalCaproicAcid(CH3 — CH, — CH2 — CHa) — CHj— (CO.OH). 
Iso-caproic Add (C H3) — C H (C H,) — (C H, — C Hg — C O . O H). 

Diethyl-acetic Acid (Cj I^) — C H (C^ H5) — (C O . O H) . 

Methjlisopropyl-acetic Acid (C H3 — C H . C H3) — ♦C H (C ^3) — (C O . O Hj. 
LeucicAcid (CH3 — CH . CH3— CHj) — •CH (OH) — (C O . OH). 

The substances in Cj and Co Groups are all of them inactive^ 
lough many possess asymmetrical carbon- atoms, as the following : — 



>» 



j» 



Sodium Nitroethane 
Aldehjde Ammonia^ 
Chloral Sulphydrate 
Alcoholate^ 
Hydrocyanide 
BromoglycoUic Acid 
Hydrogen Silver-fulminate 
Ethylidene lodo -bromide 
Ethylidene Methethylate 
Ethylidene Chloracotate 



*0.H.Na.(N0o).(CH3). 

*C . H . (O H) . (N Ha) . (C H3). 

*C.H.(0H).(Ca3).(SH). 

*C . H . (OH) . (OOI3) . (0 . CoH,). 

*C.H.(OH). (CCl3).(CN)." 

♦C. H . (OH) . Br. (C O . O H). 

*CH.Ag.(N02).(CN). 
CH3 — *C.H. J.Br. 
CH3 — *C . H . (O . CH3) . (O .C2H5). 



CH3 — *C . H . CI. (O . C3H3O). 
EthyUdene Chlcro-sulphonic Acid C H3 — ♦C . H . a. (S O2 H). 
EthyUdene Oxyohloride C H3 — ♦C . H . Q. (0 — ♦C H Q — C H3) . 

In aromatic substances precisely similar conditions may be 

bseryed as in the fatty series. All ordinary benzene derivatives, in 

.'hich the three double bonds of the Cg nucleus remain intact, and 

rhich, in consequence, contain no asymmetrical carbon, are inactive. 

)n the other hand, when one or more of these bonds are broken, the 

ccurrence of asymmetrical carbon-atoms becomes possible. Where 

hese are present the rotatory power will appear in some of the sub- 

tances,as we find it does in turpentine- oil, camphor, borneol, campholie 

cid, camphoric acid, &c., while in others it may be wanting, as in 

>enzene dichloride, benzene tetrachloride, dihydrophthalic acid, &c. 

["bus : — a. Active (with asymmetrical C). 

Camphor. Camphoric Acid. 

C3 H7 C3 H7 



I 
^CH 



CH 



H..C 



HC 





/ 



CO 



CH.> 



H,C 



HC 




V 



COOH 



COOH 



I 



o 



CH3 dH, 

^ These two substances, in the form of highly concentrated solutions in tubes one 
metre long, I have found to produce no perceptible deviation of the plane of polariza- 
tion. As regards the others no experiments have been recorded, but there can be no 
question that they are, like all artificial substances, beyond doubt inactive. 
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b. Inactive (without asymmetrical C). 
Bitter Almond Oil. Resorcin. 



CHO 

I 

c 



HC 



HC 



[Jo. 



C.OH 



V 



HC 



HCk UC.OH 

OH 



c. Inactive (with asymmetrical C). 

Benzene dichloride. Dihydrophthalic Acid. 

CH CH 



HC 



HC 



V 



^CHCl 



♦CHCl 



H 



C^ N»CH(C0.0 



HC 



H) 



V 



♦CH(CO.OH) 



CH 



CH 



The active terpenes, C^oHig cannot be formulated as No. I. of 
the annexed formulae, since it contains no asymmetrical C-atom, but 
only as either II. or III. 



I. 

C3H7 



11. 
C3H7 

*CH 



III. 
C,H, 



C 



HC 



HC 




CH, 







2 



HC 



HC 





CH. 



CH 



HC 



HC 



/AcH 



O H.1 



H, 



C 

I 
CH, 



*CH 



H, 



Lastly, the asymmetrical carbon-atoms may be found in a lateral 
series, and then, as before, we get compounds, some active, some 
inactive, as the following: — 

Active. 
MandeUc Acid (Cg HJ — *C H (O H) — (C . O H). 
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Undetermined. 
(CuHj.CHj) - -CHIOH) — (CO.OH). 

(C,H,) — •CH{CH,.OH; - (CO. OH). 



Benzoin (CjH, . CO) — -CH (OH) — (C.H,). 

CSniiomiK Adddibroiaide (CjHJ — 'CHBi- — fCH Br — (CjH,)]! 
Diphenyl-smxioio Auid (C.H,) — "CH (CO . O H) - [-CH [CO . OH) — C„ H.]. 

By compariaona of this kind, which might easily be extended, 
we fiud that up to the present no substance can be indicated with 
certaioty- as disproving van't Hoff's theory or the following state- 
ments based thereupon : — 

1. That optically active substances invariably contain one or 
more asymmetrical carbon -atoms. 

2. That substances containing no aaymuietrical carbon-aloms 
exhibit no optical activity. 

On the other hand, as van't Hoff has pointed out, and as may 
be seen from the iihove examples, the converse is not necessiirily true, 
iWt " bodiea containing asymmetrical carbon-atoms are always 
optically active." There are, in fact, numerous substances which 
Mntain asymmetrical carbon-atoms and yet exhibit no optical 
Mitivity, and further research is needed to decide whether or not this 
inactivity can be referred to the causes before specified. But, even 
should further inquiry prove that asymmetrical carbon-atoms are not 
tha sole condition but merely one of the conditions of optical activitv, 
uie foregoing statements, unless disproved by fresh discoveries, 
remain of great importance to chemistry, as they not only afford 
»nie Bort of control over active substances, but may also yield definite 
indieatioDS as to the proper structural- formula;. 

S 15. Artificial Procluetioii of Adlee Substances. — The carbon- 
compounds in which optical activity has hitherto been observed, are 
all of them found in vegetable or animal organisms or as derivatives 
from these by simple decomposition. Jluny of these substances can 
be prepared artificially, but even when all the chemical attributes, 

' PreBumably this sliould fltund (C^Hj) — "CHBr — ['CHBr — CO . OH], the 
ionniik in the original beinjy that for stilbeae dibromido.— [D.C.E.] 

'Tlie activity obserrwl by Berthelot (Cumplei ifeiirf.* 63, 818; 85, 1191) in styrol 
tod tnetaatyrul, CoHj. CH = CHj, obtained from liquid atorax. which Bubstancea 
DOntuianoasynunetriifilC-atonia, iarufurrcd by viui'tHoff (ilci'. il. deulach, chim. Geaell. 
1876, 5) to the preseuoe of unothec substance, probably correapooding to the formula 
'loHjsO. In like mannar, the auppoaed optioal activity of iodide of trimethylethyl- 
KikoD JH attributed to chemical impurity. Le Bel {Bull. Soc. Chim. 27, Hi). 
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and, consequently, the chemical constitution of such compom 
agree with those of the natural substances, a difference is neT 
theless found to exist in their optical properties. Direct syntlw 
of substances from inactive components has hitherto resulted in 1 
production of inactive modifications only. 

As already indicated, this inactivity of artificial substances n 
be apparent {i,e, latent) only and dependent on the following cam 
which at the same time indicate the means to its possible removal: 

1. In synthesis, it is probable that an equal number 
dextro-rotatory and laevo-rotatory molecules may always be fonw 
which mix or combine together and so produce optical neutrali 
As an instance of the kind, Jungfleisch^ has shown that by convertii 
ethylene — through the intermediate products ethylene bromii 
ethylene cyanide, succinic acid, and dibromo-succinic acid— ia 
tartaric acid, the inactive form is obtained, which by crystallization 
its sodium- ammonium salt may be separated into dextro- tartaric ai 
laevo-tartaric acids. This, at present, is the only instance that ci 
be alleged of an artificial active substance ; and even here it mi 
be observed that the direct result of the synthesis, the para-tartai 
acid, exhibits no optical power. ^ 

As the physical and chemical properties of such opposite- rotatii 
modifications may differ but little, they cannot in general be separat 
without great difficulty, and the more so, when they form not mere 
mechanical mixtures but true chemical combinations, as is the d 
with para- tartaric acid. 

Indeed the only substance as yet, whose inactivity depends i 
neutralization, which has been separated into right- and left- rotatii 
modifications is para-tartaric acid. The separation can be effected I 
one of the following methods : — 

a. By crystallization of the sodium-ammonium salt, and sepai 
tion by selection of the crystals with dextro-hemihedric from the 
with IsBvo-hemihedric planes (Pasteur^). This method has be 
somewhat simplified by Gernez,* who found that by bringing ii 
contact with a supersaturated solution of para-tartrate of sodium a 

1 Jungfleisch : Bull Soc. Chim. [2] 19, 194. Comptes Bend. 76, 286. 

2 Pasteur {Comptea Rend. 81 , 128) rejects the instance unconditionally ; he mainti 
that up to the present time no active substance has been derived from inactive a 
stances, and that, therefore, optical activity afPords a definite distinguishing char 
teristic'between natural and artificial substances. 

s Pasteur: Ann. Chim. Fhys. [3] 24, 442; 28, 66 
4 Oemes: TAebig^a Ann. 143, 376. 
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ammonium acryetalline fragment of the dextro-tartrate, the latter alone 
orystallizea out, the las vo- tartrate remaining in solution, and ciw vertd. 

b. By causing the paru-tartaric acid to combine with some other 
active substance, whereby two modifications with unequal solubilities 
are produced. Thus if cinchoniciue (dextro-rotatory) he dissolved 
in para-tartaric acid, Isevo -tartrate of cinchonicine separatea out first 
on evaporation. On the other hand, from a solution of quinicine 
(dextro-rotatory) in para-tartaric acid, crystals of the dextro-tartrate 
of quinicine are first separated (Pasteur),' 

c. By mixing a solution of para-tartrate of ammonia with 
ferment (yeast- ex tract), the dextro-tartrate is eliminated by fer- 
mentation, while the Iedvo- tartrate remains unchanged (Pasteur),^ 

Mixtures of right- and leit-rotating molecules are probably pro- 
duced in the synthesis of all substances containing asymmetrical 
carbon, the molecules of which are not made up of two similarly 
constituted parts. This is probably the case with the malic acid 
obtained from mouoLromo-succinic acid, CO.OH— CH„— CH.OH 
—CO . OH, with ethyli dene-lactic acid from propionic acid, CHj 
— CH . OH — CO . on, with mandelic acid prepared by treating 
benzoic aldehyde with prussic and muriatic acids, CgHj- CH . OH 
— C , H, &c. These products are all inactive, whereas the malic 
acid of plants, the ethylidene-lactic acid of muscle juice, and mandelic 
acid obtained by decomposition of active araygdalin with mui'iatic 
acid, despite the similarity of chemical constitution, all exhibit 
rotatory power. No attempts to dissociate any of these inactive 
preparations have yet been made. 

2. The molecule produced by synthesis may be inactive by 
virtue of internal compensation— that is, it may be made up of 
equal halves with opposite rotatory powers. In such cases it may 
reasonably he expected that optical inactivity will disappear when the 
symmetry of the molecule is disturbed, as for instance, in the case 
of inactive indivisible tartaric acid, by converting it into benzo- 
tartrate of ethyl or simply into an acid tartrate, thus r — 



CO.OH 
CH.OH 



» 



CO.OCjH^ 
CH.OC,H,0 



I ^ 



OH CH.OH 

.OH CO.OCjHj 

'^iteric Acid. BeaKO- tartrate of Ethyl. 

PoHteur: CompUs Bend. 37, 162. 



C O . O Na 
CH.OH 
CH.OH 
CO.OH 

Anid Tartrate of Soda. 
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In theae derivatives the halves being disdmilarly constitated, 
there ought to be rotutory power. Experiments in this direction 
have not yet been made, and it is quite possible that even such deri- 
vatives may prove inactive. This might easily be the case if the 
substitution took place in the right-rotating and left-rotating groups 
respectively of the two halves of the molecule, the result being 
an optically neutral mixture. 

Substances containing several asymmetrical C-atoms are, ac- 
cording to van't Hoff's view, capable of forming by partial internal 
compensation certain isomers, with very feeble rotatory powers. Such 
a substance is mannlte, C H^ . OH-("CH . OH)j-CH, . OH, 
which exhibits an estremelv slight Isevo-rotation. Converted into 
mannite dichlorhydrin, mannite hoxacetate, mannite hexanitrat* or 
intomannitan we obtain strongly dextro-rotatory substances,' By con- 
version, for example, into hesanitrate (n it ro- mannite), C Hg . . N 0, 
-(•CH.ON03),-CH3.0.NO., the symmetry of the chemical 
formula is not destroyed, but some alteration apparently takes place 
in the four asymmetrical groups, whereby they, or at any rate three 
of them, assume the right-rotating position. 

In this way Miintz and Aubin- converted an inactive substance, 
viz., the glucoae obtained by exposing cane-sugar with a little water 
to a temperature of 160° Cent., into an active substance, by trans- 
forming it first into mannite (with sodium-amalgam and water), 
and then into nitro-maunite. 

So, likewise, inactive dulcite exhibits rotatory powers when 
converted into the diacetate, or into dulcitan diacetate {Bouchardat). 

3. Some of the resulting products do possess rotatory power, 
but only of a very feeble kind ; thus, for example, in the case 
of mannite, a layer 3 to 4 metres in depth is requisite for 
its determination. In such cases aid may be furnished by an 
observation of Biot, who found that the rotation of tartaric acid 
was considerably increased by the addition .of boric acid. Similiir 
results have been observed in other substances. Thus, Vignon^ 

' Loir: Jahrcsk filr CItem. 1861,729. Tichanowitsch : /aAwsi. 1864, 5H2. OraDfe: 
Jahreab. 186fl, 752. Schutzeoberger ; Liebig's Ann. 160, 94 {1S71;. KiBcke; AnL 
Tieerlani, yia. (1872). Vignon : Jahiexb. 1B74, 884. Boanliaraftt: Ja/irssb. 187S, 7B0, 
and Comptei Bend. 84, 34 (1877). Huntz and Antrin : Jahretl. 1878, 148; Ann. 
dim. Phjli. [5] 10, 553 (1877). 

" Miintz and Aubin; Ann. Chim. F/ii/s. [5] 10, 553. 

' Bouchardat : A™. Gliim. Phys. [i] 27, 68. US. 

' Vignon : AnH. Ckim. Phyi. [6] 2, 4^3. 
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as shown that nearly perfectly inactive mannite solutions become 
Tongly dextro-rotatory oil the addition of borax. Again, ac- 
)rding to Miintz and Aubin,' inactive glucose becomes strongly 
extrO' rotatory on the addition of sodinin sulphate, and still more 
D of boras; addition of aodiura carbonate produces, on the contrary, 
;ft~ rotation. Moreover, the activity of organic acids and also of 
Ikaloida is in most cases incrensed by their coaveraion into salts, 
nd sometimes very considerably. The reverse also happens, as, for 
sample, in the case of chloride of laudanino, which Hesse^ reports as 
lactive, although the free base is lie vo- rotatory. Papaverine exhibits 
ac same property. 

4. In the preceding oases we have spoken only of the synthesis 
f bodies the chemical structure of which is identical with that of 
le natural substances, but where structural differences exist there 
■ill obviously be diaaimilarity of optical power. Thus inactive 
araconine from butyric -aldehyde is not an imide base like the 
ctive natural conine (Schitf), and accordingly differs from it in its 
ther structural properties. 



§ 16. Optical Propertm of Berivaiives of Active I. 
t has long been observed that when optically-active substances 
ndergo chemical changes, some of their derivatives exhibit rotatory 
owera whilst others do not. Where the molecular constitution 
Bmains unaltered, as in the conversion of acids into salts, ethers, 
mides, &c., or in the combination of alkaloids with acids, the 
ctivity is usually retaiued.* On the other hand, where there is 
ctual chemical decomposition, active and inactive derivatives 
re obtained with an apparent absence of all rule. If, however, 
de hypothesis of asymmetrical carbon-atoms be called into aid, the 
pparent irregularity vanishes, and the conditions, as van't Hoff' 
as shown, resolve themselves into the following :— 

1. The rotatory powers of active substances are obliterated 
1 such of their derivatives as are wanting in asymmetrical carbon- 



' Mantz and Anlriii : Ann. Chim. Pky». [5] 10, 5G4. 

' Hesw : Lieii^i Ann. 176, 198, 201. 

' Schiff : Zirfiff'i Ann. 157, 352 ; 168, 94. 

' EiteptionB eriirt in laudonine and pflpaveriue, wWch, a 
'ret are opticallj- active, but in tha form ot chlorides lire ina< 

' J. van't Eofl \ see the two piunphloti; mondoned in ni 
"•iirli: liimBn-.d. deutieh. den. Oaell. 1877, 162U. 
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(f ^^ ,, }4it/'/linfi'' A^j'l ^oritl) nif.rlr* T'esa^j-carturii.' Aiad. 

,, HfllV ^iiif"f ^virifh tuf.f'if. ,, D»rx!T«:- tartaric Acid. 

'//f /W« /rfff6^ ffW^frt, ^^!<^« /»f'.Mir in which such derivatives, 

'lif^HU'h Uf tiH^WUtUtiNti Nn)ihU'HUni\H not.with.standing, exhibit 
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^tory power, aa the subjoined {compare with the tbrrauliE 
seriously given, page 27 and following pages) : — 



n Aotive Malic Aoid (with 
hydrobroniic acid) 
Dextro-taitaric Acid 

(by heating) 
Laotose (with nitric 



is derived Inactive Monobromo-aiicoiiiic Acid. 
„ „ Pyro -tartaric Aoid. 



L conversion of active substances into inactive isomers fre- 
mtly results from exposure to a higher temperature. Dextro- 
irtaric acid, heated in presence of water to a temperature of 160° 
tent., is converted chiefly into inactive, un decomposable tartaric 
;id ; whereas, at a temperature of 175° Cent., a mixture of the 
itter with a predominance of para-tartaric acid is obtained. Con- 
ersely, at a temperature of 160" Cent, para-tartaric acid is converted 
ito the other inactive tartaric acid (Jungfleisch).^ Again, destro- 
imphoric acid mixed with a little water, and raised to a temperature 
I' 170° to 180° Cent., passes into inactive camphoric acid (Jung- 
eiach-) ; and active amyl-aleohol when heated iu sealed tubes becomes 
lactivG (Le Bel-'). The conversion into the inactive state ia often 
ssisted by the presence of other substances. Thus fermentation- 
myl-aleohol loses its rotatory power when distilled under ordinary 
ressure in presence of caustic potash, caustic aoda, or chloride 
f calcium (Balbiano*). By merely heating in a sealed tube for a 
uarter of an hour at 250° Cent, with a few drops of concentrated 
ulphuric acid, active valerianic acid is rendered inactive {Erlenmeyer 
ndHell^). Repeated agitation with one-twentieth of its volume of 
oncentrated sulphuric acid in the cold, and subsequent distillatiou, 
onverts active turpentine-oil into inactive terebene (Riban"). The 
ase of tartaric acid indicates the probability that such conversions of 
ctive into iuuctivc substances are due to the simultaneous formation 
■f right-rotating and left-rotating modifications, resulting in optical 
b:ality. 

1 turpentine- oil a gradual conversion of the right-rotating 
i left-rotating form has been noticed. If the oil is placed 

' Jimgfleisoh : £er. d. deiCich. chem. Gescll. 1872, 98o ; 1873, 33. 
' Jnngfleisoh : Jaltrtsb.far Ckem. 187S, 631. 
'LeBel: /aAr«i.^ C**m. 1876, 3*7. 

* Balbiano: Jahresb.fvr Chem. 187fl, 348. 
» ErlBnmeyer and Hell : liebi(/'s Aim.lQO, 302. 

• Kban: Jahriib._fiir Chtm. 1S73, 370. 



38 GESEBAL ASPECTS OF (IVTUAT, ACTIVITY. 

in a retort provided with an upright condenser, and, whilst the 
retort ia kept filled with carbonic acid at the ordinary pressure of 

the atmosphere, the contents are raised to boiling, whereby a 
temperature of 160° to 162" Cent, ia attained, no change of rotatory 
power can be detected at the end of sixty hours. But such change 
occurs when the temperature passes beyond 250° Cent, in a sealed 
tube. A sample of English right -rotating turpentine-oil, which 
gave an original deviation of oj = -|- 18'6° in a layer of 100 
millimetres, showed the foUowiog angles of rotation at higher tern- 
peratures ; — 

After 4 hours at 250" Cent. ay = -I- 15'3' 

After an additional 4 „ „ 230° to 260° Cent. oj. = -1-118° 
60 „ „ 250° to 260° Cent. oj. = - 8'6° 
„ „ 42 „ „ ahont 300° Cent. Oj- = - 56' 

At a certain stage an inactive mixture of right-rotating and 
left-rotating molecules must therefore have been present (Berthelof). 
Polymerization occurs simultaneously with the above changes. 
This can readily be produced without any change of temperature, 
by treating with antimony trichloridej whereby, for example, 
left-rotating terebenthene is converted into right-rotating tetra- 
terebenthene (Riban-). 

In certain cases, two isomeric derivatives possessing opposite 

rotatory powers but of unequal intensity are simultaneously formed 

from an active substance, the immediate product being therefore 

also active. By heating mannite to 150" Cent., or treating it with 

muriatic acid, we obtain a right- rotating mixture, which on 

evaporation separates out the crystallizable lasvo-mannitan, leaving 

amorphous dextro-mannitan in the mother liquor (Bouchardat^). 

Again, cane-sugar is transformed by the action of ferments or dilute 

acids into left-rotating invert-sugar, which can be split into right- 

L rotating glucose (dextrose) and left-rotating glucose (Isevulose). On 

> the other hand, cane-sugar exposed with one- twentieth part water, in 

, a sealed tube, for the space of two or three minutes, to a tempsraturc 

, .of 160° Cent., gives an inactive glucose, which appears to be in- 

Lidiviaible (Mitscherlich,* Miintz and Aubin^). 

I ' Bctthelot: Atm. Chim. Fhyi. [3], 30. 10. 

I ' Riban: Bull. Soc. CMin.[2], 22, 263. Jahmb./Hr Vhcm. 1874, 451. 

F ' Bouohardat : Jnhntb.fSr Chcm. 1B75, 792. 

f ' Mibtcherlioh; ZcirSneA rf«r CAem. 4 Aufl, I, 337. 

a WiintK und Anbin : Ann. Chim. Fht/s. [.S], 10, S64. 
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The direction of rotation in derivatives, in relation to that in 
parent substance, follows no fixed rule. Moat derivatives exhibit 
r rotatory power in the same direction as the parent substance, 
;icularly when no real alteration of molecular constitution has 
in place. This ia seen in the conversion of active acids and 
.loids into their salts. Still there are exceptions here, as we find 
i malic acid, which is left-rotating when free, is right-rotating in 
neutral salts, especially in the double salt of antimony and 
Qonium, from which, alter precipitation of the antimony with 
iburetted hydrogen, a left-rotating solution of acid malate of 

loniu is obtained (Pasteur'). Again, right-rotating para-lactic 

haa left- rotating zinc and calcium salts (Wisliceuus^). But even 
lore profound reactions the original direction is generally main- 
ed. Thus, dex-tro- tartaric acid gives dextro-mab'c acid; from 
Iro-camphor we get dextro-c amphoric acid ; from lEevo-camphor, 
)-camphoric acid ; destro- and laivo-borneols give respectively 
:ro- and Itevo-camphors ; and left-rotating araygdalin gives left- 
ting amygdalic and maudelic acids (Bouchardat^). Neverthe- 

some derivatives do exhibit rotatory power in a directiou contrary 
;hat of the parent substance, as in the following instances: — 
tro-camphoric acid gives left-rotating camphoric anhydride 
ntgolfier') ; dextro- para- lactic acid gives left-rotating ether-anhy- 
es (Wislicenus-) ; the active compounds derived from lEevo-amyl- 
hol (amyl chloride, amyl iodide, amyl cyanide, diamyl, ethyl-amyl, 
lamine, amyl valerate, valerianic aldehyde, valerianic acid, and 
'onic acid) are all right-rotating; left-rotating santonic acid, with 
eat hydrogen passes into right-rotating hydros an tonic acid 
mizarro'') ; left-rotating terebenthene hydrochlorate, heated with 
rate of soda, gives left-rotating terecamphene. By saturating 

latter with hydrochloric acid we get right-rotating camphene 
rochlorate, from which, by heating with water, left-rotating cam- 
ae, but with rotatory power much feebler than at first, can 
recovered (Riban''). Again, mannite, with weak Isvo-rotatory 
er, gives both right- and left-rotating derivatives. Of these 
o-mannite, mannite hex acetate, amorphous mannitan, nitro- 

~ ' Pasteiir: Aim. Chim. Phy,. [3] 31, 67. 

' Wisliceniu: LUbig'i Ann. 167, 322 
^ Bouohardat : tbmp(ei fienrf. 19, 1171. 
* MontgolHer: Jehrnb. f«r Che«i. 1873, 6BB. 
: Jahriai.JSr CAem. 1876, 619. 
: BhU. Soe. Chin. [2], 24, lU. 



jiiaiiiiituri. luaiiiiiiai. i^iracetut^. mauniuui monochlarhydrin arexig^ 
luUttiiJi: : v. iiiis: luaiiiiiu diL^uiurbvdriL. cnrstallizable inannitiUL ni 
jijauuiioiK UK.' ielv-X'uiuiiii^' Vi^rxiui- Boucliardat':. Dt oxidatianflf 
(icxii-o-campiiui vniiL uiirii- ut'id wt- obuiin. simuhaiieoiiBlY withrig^ 
rutatiiig i^iupiiunc unci 'jumpbit ui:id6. left-rotating camphoniiiie 
acid a« well (Mouijyroitier ,. 

Jjaritlv, tiie i-euiurkablv iuc: xuubT be mentioned that in oertai 
eu6e^ active »ub8luuoeb exuibit (.-baiiueb in tbe direction of their roti^ 
toi'v powerb; wbeii dibbolved 11 TariouE liquidfi or when oertna 
KubHtauoe^ are added to their bolutians. Asporagin and aspBrtie 
acid are left-rotatiu>f iu alkaliue '/.f. fiodic, or ammoniacal^ Bolntianfi; 
but iu acid ii.e. livdrochloric or nitric acid) solutions, on the oan- 
trary; they are right-rotatiug ( Pasteur' i. The acid ammaninm silt 
of laivo-rotat<jry malic af;id exhibits left-handed rotation in aqneoas 
and aijimoijiacal bolutioiib ; in uitric acid it forms a right-rotating 
isiolutiou (J-'abteur^;. 'J*Le calcium bah of dextro-tartaric acid is dextro- 
jotat'^j'y iu aquooiib aud larvo-rotatory in hydrochloric acid solution; 
whilnt, ou the other hand, la:;vr>-tartrate of lime is dextro-rotatoiy 
iu }jydr<><;)jionc a<;id fe/>Jutiou ^ Pasteur^ j. An aqueous Bolntioii of 
ujuijuiti;; wIjIcIj; ab huch, mauif':^U» a ver}' feeble left-handed rotatioUi 
l><'4M/iii(;tf hiiifU'/ly Jjii;vo-rotat(;ry, on addition to the solution of certain 
uikuji<;b (-M cuiibti<; |><;tablj; caustic soda, magnesia, lime, baryta), and 
d<rxtro-roittt<>ry, iu pi<;s<5nce of salts of the alkalies (as borax, chloride 
of bo^liuuj; i»o<liuuj bujphatff, jiotassium hydrarseniate). Ammonia 
iiiiuliiin it i'i'Ailtly dextro-rotiitcjry, but acids have no effect upon it 
(Vi^uou/^ Jloucljardttt/^ Mijut/ aud Aubin^). 

tSimiliir pro[x;rties tira exhibited to a remarkable extent by 
oniiuury tartaric luM, In uxjucious solution it is dextro-rotatory^ 
whilttt iu the solid tiiuUi it niuy aNsume a hevo-rotatory power (§ 19)- 
Tht! rotatory povv^r ol' it« fU|ueouN solutions is very considerably in- 
(trcimiid hy thiuuhlitiou (il'even Huuill (juuntitics of boric acid, or borax ; 
ou tho (»thnr Inind, it is diuiiniNhed by the addition of sulphuric, 
hydrorliloriis or citric acid, uud also of alcohol or wood-spirit (Biot') • 

I ViKititii: Jiihvv»h,fur (%'ih, 1874, HHh, 

'^ Itiiunlitililiil. : Juhiruh.fUi' (%m, 1N7A. 7t)0 702. 

* \\\\\\\\^i\\\\i\v\ JMhrt>Mh.l'Hr Ohvm. 1N7'J, Am). 

« ruHlimr: Ahh. rhim. i%VM. |:i|. 31, «7. Jahtmb./iir Chem. 1861, 176. 

* IVtnur: Ahh. i'him. rhjfH. |:i|. 28, oti. Jtihrtab./ur Chem. 1849, 128. 

* Viifium: Jhh, (*him, rhfin. |A|. 2, VMl JnhrM./ur Chcm. 1874, 884. 
' ^HuHuhimliit : iS^m^^i* Hrm^. UO, I'JO. ./.iA/v*A. /wr Chrw. 1876,146. 

* MAuU Hliil \\M\\ : Ahh. t'him, rhjf*, | A|. 10, 66a. Jtfhnsh.fiir Chem. 1876, 149- 

* IUmI : Mm, ^ ^ JiW. 16, 'JJU. 
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►reover, tartaric acid is dissolved in acetic ether or acetone, the 
ing solutions, which either are inactive or may exhibit a feeble 
rotation, become immediately dextro-rotatory, on the addition 
ittle water. Malic acid appears to possess similar peculiarities. 
)mena of this sort differ from those exhibited by derivatives, in 
he changes in the direction of rotation are temporary only, and 
)ear with the removal of the substances which induce them. 
?he whole series of phenomena of this kind require, however, 
investigation before the subject can be properly explained. 




§ 17. Amoutit of Rotation dependent on the Thidcnens of the 
Meditfm.—Fioni experiments with quartz, Biot,' in 1817, deduced 
the following laws : — 

1 . The angle, through which the plane of polarization of a ray 
of given wave-length rotates, is directly proportional to the 
thickness of the quartz plate. 

2. Dextro-rotatory and 1 a; vo- rotatory plates of quartz of 
equal thickness, cause the plane of polarization to deviate through 
equal angles. If the ray be transmitted through more plates 
than oue, the final deviation is equal to the sum of the individual 
deviations if the platea all rotate in the same direction, aud to 
their collective differences if they rotate in different directions. 

To allow comparison to be made of the rotatory powers of 
different active oryatala, Eiot proposed to adopt as a standard llie 
angle of rotation afforded by plates 1 millimetre ('039 in.) in 
thickness. 

In active liquids (as, for example, oil of turpentine, or solutions 
of active solid substances in inactive liquids) the following laws 
have been observed :— 

1. The angle of rotation is directly proportional to the thick- 
ness of layer traversed by the ray. 

2. When a ray is transmitted ^through several media, the 
observed rotation will be the algebraical sum of the individual 
rotations. 

As the rotatory power is generally much weaker in liquids 
' Bbt: Mem. di CAcad. 2, 41, ^| 
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FtliaD in crystals, Biot proposed that the angle of rotation for 
thicknesses of 1 decimetre (o'SI in.) should be taken as the standard 
of companson for the former. 

§ 18. Amount of Rotation tltpendent on the Wave-length qf' Tram- 
laitted Ray. Rotatory Dispersion. — If a series of polarized rays of 
ilitfcrent colours be transmitted successively through an active 
medium, it is found that the amount of rotation which the plane 
of polai'izatiou experiences, varies with the wave-length of the 
ray, being least for red, and greatest for violet. From his ex- 
periments with quartz, Biot arrived at the concluaion, that the 
angle oi' rotation o varies inversely almost exactly as the square 
of the wave-length of ray X, but this has not been confirmed by 

later observers. , The formula a = A -\- — ^, in which A and B are 

two constants, has also been found unsatisfactory ; whereas the 
equation since proposed by Boltzmann,' 

« - 4 + ^, 

A- A* 

which, like the preceding, contains two constants only (B and 
C), and which is based upon the assumption that rotation in a 
ray of infinite wave-length = 0, has been shown to agree very 
closely with the results of observation. 

For a complete determination of the rotatory power of a given 

substance, it is necessary to take the angles of rotation for a number 

of different rays of known wave-lengths. This can only be fully 

■ii'compliBhed with the aid of Fraunhofer's lines ; that is, by the use of 

'l;ir light, the deviations being determined by the method of Broch 

> f^l, 62, 63). V. von Lang^ has lately employed artificial light, 

I Jie lithium, sodium, and thallium rays, for the same purpose. 

In the case of quartz, the angles of rotation for different lines 
haTe been accurately determined by Broch,^ Stefan,* Soret and 
Buasin," and von Lang." The table on page 44 contains the obser- 
WtioDs of Stefan and von Lang, along with the corresponding 
Wive-lengtha X, expressed in millimetres. 

' Boltanium : F-igg. Ami. Jiibelbaiid, p. 12H. 

= von Lang : Fogg. Am\. 156, 422. 

» BtwA: Dh'c'i Sgperl. rf. P%»., 7, 115. 

' 8te!iui ; Silinngiber. ihr Wlmtr Aead. 50. TVw -^""' 122, li31. 

' Buret and Sanurin : Fogg. Ann. 157, 447. 

' von Long : iii 'Ufa. 
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■ fcr 1 ^"^TKii 
15-65= 
IT -22= 

21 -6r 

27-46' 
32-69= 
42-3r 

50-98' 

• 

i6-4r 

21 -64* 
25-59** 

Vroui ihtt fon.'going measurements Boltzman has deduced the 
dUittfruiuu-formulu 

_ 707018 014983 
"" " 10«. a"2' ■*■ 1012. A* 

whi<;h iha^ not differ from the results of actual observation by more 
thttu th<7 huiidreilth part of a degree. 

Fur ray V different observers have obtained the following 
value.:— iiiot, 20-98^; Broch, 21-67° i Oil; Stefan, 21-67°; Wild,i 
:J1 <J7'' ; vuii I^ang. 2164° at a temperature of 13-3° Cent; Soret and 
Knr*ifciu i?r80", at about aS"* Cent. According to Scheibler*, quarti 
iiHiUi did'erent placen, and even from the same place, is not quite 
v.au*uut iu it» rotatory power. 

Aft von Lang haa shown, the rotatory power of quartz increases 
^iiL Y\n< \>i wwxycTixwxrw the relative alteration for different rajrs 
liMu^uiiug thtf same. At 0'^ we have 

U. <yv Til. 

a ^ ::>40l> :?l-*:?7"^ 



a, = J8,, 1 ^ vHVHn49 : . 
AA.vr*r:ij V !;a^ J4:er rvx>tMroh^» ot' Sohacke^* 

^ = j^ 1 ^ , ^'^AV^th^? : - 0*^XXV*V51S *2) 

1£x:«:uaiji^ :'a^ iiiv^^£i^<i::oit:os>cber $iib«aoci>«; we find diatiiot 

iid^r^u: rays, buc ^^a; :a iidi^r^^r sub(>£a:K\^> rlh^ vdLoies vaiy bf a 
viidi:v%:u: :ki ve> >>c i>f»^^'rviou>^ -rha: is« iitf^r^uc bouiiw have diftnnt 
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or example, taking the following observations:- 



fi?" 


27 ■46° 


32-B9'' 


0° 


84-56° 

41-7'' 


lOllS 
527° 



[b] 1 decim. + 47-86" o 

[a] „ + 28-2° 3 

[a] ,, - 2l)'63° 25-54" SISB" SB'Sl" 

a ., - 21-6° 23.4" 29-3° 36-8" 



calculating the ratios of rotation experienced by rays C, D, E, F, G, 
Dmpared with thut by ray B, we get the following results : — 



f Tnrpeutine 
f Lemon 

It will be seen that the ratios in the case of sugar and quartz 
M very closely. These two substsnces have thus equal powers 
otatory dispersion, while the others have either less or more than 
rtz. This fact has been turned to account in the construction of 
Soleil (and Ventzke-Scheibler) sacchari meter, the principle of 
ch supposes the rotatory dispersion of the active substance to be 
il to that of quartz. But, so far as we know, this is only the case 

le-sugar, so that other substances cannot be properly examined 

ilrumenta of this description. 

the majority of cases, the determination of the rotation for 
iral rays would be too troublesome, and it is considered sufficient 
etermine it for a. single ray. In Wild's polariscope, and in the 
ailed "half-shade" inatruraents of Jellett, Oornu, and Laurent, 
light is supplied by a sodium flame, thus giving the angle 
potation for ray D of the solar spectrum. If a polariscope 
listing simply of two Nicol prisms be used, it is requisite to 
iloy monochromatic light (sodium flame) in order to get reliable 
Its. With Soleil'a saccha'rimeter, a-i well as those of Ventzko, 
Bibler, and Hoppe-Seyler, which are all made on the same optical 
iciple, white (gas-lamp) light is used, and the rotation given is for 
so-called transition tint — that is to say, the colour complementary 
' The valueH far diIh of turpentine and lemon (given by Wiedemaim, I'ogj, Ann. 
222) ara Oie angles of rotation a. directly detorioined with a layer I decimetre in 
:i : whilal those for csQe-sag^r [Stefan, Sits:u)igiber. lier Wiener Acad. , 52, 486, 
U>th.), anhydrmia oholalic acid (Hoppe-Seyler, Joiini. /iirprait. CKem. 89, 257), 
Btotin lIiindeTimeyer, Jumjti. /lir prnt(. Chem. 90,333), cspreaa the spediic 
ffo]. For cbolesterin the solvent used was ulcohol ; for img^f and chololic 
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to mean yellow light — the wave-length of which may be taken at 

about 0*00055 millimetre. The angle of rotation and the specific 

rotation thus obtained are indicated by c^ and [aj (Jaune moyeiij 

respectively, as proposed by Biot. 

Now the wave-length of this mean yellow light is less than that 

of the ray 2), which lies on the border between orange and yellow, so 

that the value of Oj is always less than that of aI>^ For example^ 

with quartz, according toBroch, aj^ = 21*67°, and Oj = 24*5°, sothat, 

to express the one in terms of the other, we have — 

24-5 
Gj = oTT^ °^>= l'1306ai>, or approximately = % aj^; 

21-67 

od= oi.- ^ ~ 0"8S4oaj, or approximately = 7» ««• 
2-1*0 

The proportion, however, between Oj and aj^ varies in different 

substances, according to their different rotatory dispersions. J. de 

Montgolfier^ has determined it in the following : — 

Quartz (according to B^oeh} «o : a, = 1 : 1-131 

Aqaeoui sotatioDS ci Sugsr ty n ^ ' 1*129 

Aleoliolk 8ohitioiL» ckf Canqilior n rr 1 = 1'19S 

Oil of Taipentme n rr 1 : 1'243 

According to L. Weiss^^ in aqueous solutions of sugar contaiii- 
ing 5 to 19 grammes in 100 cubic centimetres, the proportion is 
ai>: Oj = 1 : 1034. 

In any other substance, the rotation for one ray can be estimated 
firocQ that for the other only approximately, by assuming that the 
lolatory dispersion of the substance agrees with that of some 
one of the preceding. 

As the transition tint corresponds to no sharply-defined ray, its use 
is att^Dtded with inconvenience, and latterly has been mostly abandoned. 

Manv older observations are in existence, made bv Biot with red 
l$^t> obtained by transmission through glass coloured by suboxide 
of c<^p{>er> with a refirangibility about equal to that of Fraunhofer's 
Kae C« Assuming that, on passing through a qiiartz plate 1 milli- 
iMlre thick> it experienced rotation through an tingle of 18*414*', 
Wild* calculates its wave-length to be 0-00063o mftlimetre. The ratio 
Vtweeu this red ray and the tram^ition tint Biot^ gi^es as 23 : 30. 



I Bv uiauy ob6erv<»r» tht^ vtilTiet^ oi (^ azid <i» have b«en taJren at^ eqizal. a 
nKioh b^ii b*j*»i wmarketi upou by J. Xout^Ifier, BiuL Sae. Chim^ 22. 4S7, and 
]^ttMtt> idem, 22. 492. - Xoutgtjllier : Bttil, Sw, Chim. 22. -IS9. 

* Weifia: SUzuM^f^i^'. dar Wiemr Acud. 68, 1)7, III** Abch. 

* Wild : i^uruUtvdoMtiier. p. :io. * Biot : Jft/«. de C Acad, 3» 177- 
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^ 19. Abtiormal Rotatory Dispersion. — Altbough in ordinary 
casM the angle of rotation increases paripasm with the refrangibility 
of the ray, there are exceptions, as Biot,' and later Arndtsen,- have 
noticed in aqueous solutions of d ex tro- tartaric acid. This acid exhibits, 
in a remarkable degree, the property that its specific rotation [a] 
(§ ^4) increases with the diluteness of the solution from observation 
of which it is calculated. The increase is directly proportional to 
the dilution, and may be expressed by the formula [a] = A -{- B q, 
where q represents the pcreentago by weight of water in the tartaric 
acid solution. Arndtsen has determined by Broch's method the devia- 
tions for the Fraunhofer lines C, D, E, b, F, e, in a series of solutions 
of different degrees of concentration, at a temperature of 24° Cent., 
from which he deduces the subjoined values for the constants A and B 
in the preceding formula : — 

A II 

= + 2'718 + O'OS^e? 

D = + 1-960 + 0-13030 5 

B = + 0-lo3 -I- 0-176Uf 

B = - 0-832 + 0-1B147 q 

h = - 3-598 + 0'23977 q 

, = - 9-657 + 0-31437 '/ 

Computing from these forinulEe the specific rotation for solutions 

containing from 10 to 90 percent, of tartaric acid, we get the annexed 

results : — 



In 100 parts 
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5-58° 
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4-Br 
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60" 


-0-23° 


20 
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(4-64°) 


4 56'' 


3-66'' 


3-00° 
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20° 


- 3-37° 


10 
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s-eB" 


3-25' 


1-90° 


1-08° 


~ 1-20° 


-0-51° 



I Biot : aim. de FAea^., 75, 93. 

' Arndtsen; Jnn. Chim. Phys. [3], 54, 403. Fogg. A«n. 105, 312. 
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From this table it appears that every Bolution exhibits a 
maximum of rotatory power for Boine one particular colour (as will 
be seen from the bracketed figures). In the most dilute solutions, 
containing 10 per cent, only of tartaric acid, the maximum is found, 
in its normal position, under the moat refrangible ray e ; but aa the 
concentration of the solution is increased it shifts towards the red 
end of the spectrum, and in the case of solutions containing 40 to 50 
per cent, is found under the green rays. In 80 and 90 per cent, solu- 
tions the rotatory dispersion is entirely changed ; dextro- rotation is 
there at itsraaximum for the red rays, and decreases as the refrangibility 
of the rays increases, until under the blue ray it passes into Isevo- 
rotation. Such is the case also with anhydrous tartaric acid. Now, 
accoi'ding to the preceding formula of Arndtsen, this should be dextro- 
rotatory for the rays C, i), E, lajvo- rotatory for b, F, e, and inactive 
for light between E and h, and Biot ' actually observed these pheno- 
mena in cast plates of tartaric acid ; moreover, Arndtsen - observed 
that the left-handed rotation for highly refrangible rays occurs when 
concentrated alcoholic solutions of this acid are used. 

The anomalies of rotatory dispersion in tartaric acid disappl^:' 
wlien the solutions are exposed to higher temperatures (Kreeke'), ■ : 
when mixed with a small quantity of boracic acid (Biot) ; moreovLi, 
they do not occur in the tartrates. 

Similar conditions may be produced artificially by mixing 
dextro- and laavo- rotatory solutions together in certain proportion' 
Biot* in this way obtained an achromatic compensation of the rotatiui, 
for certain rays. 

Lastly, as regards the influence of temperature on rotafary dis- 
persion, Gemez '•' discovered that the application of heat, even to th* 
extent of complete evaporation, produces no change in the dispersive 
powers of oils of turpentine, orange, bigaradiu, and camphor. 

' Biot; A.in. Chim.Phya. [3], 28, 351. 
' Arndtsen: Ann, Ckim. Fh^.. [3], 54, *lo. 
' EpGcke: AreA. Nariaid, Bd. 7 (1872). 
* Biot : Aho. CMm. Fhya. [3], 36, 405. 
' Oemez : Atm. da I'imli wm. 1, 1. 
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A. Definition of Specific Rotation. 

■.§ 20. lu the discussioiia that follow certain abbreviutions have 
\ adopted viz. : — 

rred an^le ot rotBtion for a pveo ray. 

£ length of liquid oolmuii used, in decimetres. 

e density of the nitatory lir[uid. 

e weight of active aubHtanue in 100 parts by weight of solution (pCT cent. 



part* by weight of solution, 
e substance per 100 cubic ci 



le weig^ht of inautive liquid in 
J) i, the number <if grammes uf ai 

BolutioQ (cancentratinn). 
In compurisons of the rotatory powers of different substances it 
U not enough, as Biot' first showed, merely to take account of the 
angles of rotation observed in layers of a uniform length of 1 deci- 
metre. It must be remembered that when different active substances, 
ordinarily liquids (as oil of turpentine, amylic alcohol, nicotine, &c.), 
are placed in turn in the tube of q polariacope, very different masses 
of molecules will be brought to bear upon the transmitted rays in 
accordance with the different densities of the liquids. Therefore, 
before any just comparison can be made, the observed angles of 
rotation must be calculated to some common standard of density. If 
the density 1 be calscn, the angles of rotation a of the several liquids 
must be divided by their specific gravity </. The angle of rotation 
given by a length of I decimetre of any active liquid, corrected to 
the standard density 1, is denominated by Biot the specific rotation 
[a] of that substance, and may be found from the observed data 
a, I, and d, by the formula 

_ I- w = A- 



N lie V Acad. 13, 1 



3 (1B35). 



uFh<ji. [.1], ^Q,r. 
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By taking as unit-denaity that of water at 4° Cent., 
density aynonymous with weight in grammes of 1 cubic centi 
of the substance, and the specific rotation of any active substance 
then be defined as the deviation produced by 1 gramme of 
substance when occupying a space of 1 cubic centimetre, and form) 
a column of 1 decimetre in length for the ray to traverse, 
diameter of the column is thus immaterial, 

Moreover, since not only the density, but apart from that the 
rotatory power of an active liquid, is affected by changes of tempera- 
ture, the specific rotation will vary with the temperature, and it 
therefore becomes necessary to record the readings of the thermometer 
when a and d are observed. At any given temperature, the specific 
rotation of an active liquid in a state of purity is always constant. 

§ 21. For active solid substances brought into the liquid state 
by solution in optically inactive and chemically indifferent solvents, 
the specific rotation is determined as follows : — Let P grammes of the 
active substance be dissolved in E grammes of inactive liquid, and 
d be the density of the resulting solution. Then the latter will 

contain in unit volume (cubic centimetre) p i, p '^ grammes of active 
substance. 

If a solution of the above composition, in a tube / decimetres 
long, gives an angle of rotation a, then the deviation for a solution 
containing 1 gramme of active substance in I cubic centimetre 
of solution — i.e., the specific rotation [a] — is deducible from the 
proportion 



[.] - 

If, with Biot, we indicate ^ 



/.i'.d ■ 



, that is, the amoiint of activfi 
then 



P + E 
Babstance in the unit weight of solution, by 

I . e . d 

Ijftstly, if the proportion of active substance be stated for lOO J 
parts by weight of solution, ao as to make the numbers more con- I 
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be indicated bv 



[»]- 



100 o 
l.p.d ' 



venient for reference, and this proportio 
formula becomes 

II. 

For the calculation of specific rotation by tbese formulae, the 
percentage weight and the density of the solution must be known. 
But since 7)1/ = the concentration e — that is, the number of grammes 
of active substance in 100 cubic centimetres of the solution- — we need 
not determine p and d separately. We have simply to dissolve a 
certaio weight K (grammes) of the active substanoe in a graduated 
measure of known capacity V (cubic centimetres), and dilute the 
solution to the mark. Then we have 



III. 



i-\ 



100 a 



The specific rotation of a large nupiber of active substances has 
been thus determined, without regard to the densities of the solutions 
employed. But the method in many cases is insufficient. As will 
presently be seen, specific rotation calculated from solutions ia not 
constant, but varies with the proportion of inactive substance present 
in each case; and although this can be allowed for when the weight per 
cent, composition of the solution is known, it is not possible to do so 
when only the concentration ia stated. In preparing solutions, there- 
fore, by means of a graduated flask, it is always necessary, for the 
sake of determining p and d, that the weight of the contents 
should be ascertained after the vessel has been filled up to the mark. 

In cases where the length of tube ia given in millimetres, 
indicated by L, the foregoing formulas appear as below : — 

I. w "»" 



I 



II. 






L . d 

10*. g 

L.p.d 



§ 22. Influence of Temperature on Specific Rotation. — ^A decrease 
in the angle of rotation is observed in active substances when the 
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temperature is increased.^ This is primarily a direct consequence 
of the decrease of density ; whilst, on the other hand, there is a 
simultaneous increase in the length of the tube, producing an opposite 
eflect, but in much feebler degree. In the calculation of specific 
rotation, this element of variation is eliminated when the density 
and length of tube^ are determined for the same temperature as the 
t.ngle of rotation ; and were such the only element of variation the 
value [a] would be the same for all temperatures. Such, for example, 
is the case with aqueous solutions of cane-sugar according to Tuch- 
schmid.^ In most substances, however^ the angle of rotation and 
the density do not vary together equally when the temperature is 
raised, since increase of rotation is observed as a result in some sub- 
stances as well as decrease. Hence there must be some other influence 
at work independently of altered density and consequent on intra- 
molecular changes produced by the action of heat. So far as at 
present known, the most usual result is a decrease ; this has been 
observed in invert-sugar (Clerget, Tuchschmid), quinine, quinidine, 
cinchonine, cinchonidine, quinine disulphate, quinidine disulphate, 
thebain, santonate of soda (Hesse), gelatine (De Bary). The com- 
pletest observations on the influence of increase of temperature are 
those of Gemez * on the specific rotation of certain ethereal oils, 
the decrease in which may be expressed for temperatures between 
0^ and 150° Cent., as follows :— 

Oil of turpentine [a]i>= ^6-61 - 0004437 ^ 

(.HI of orange [a]i>=115-31 - 01237 /-0-000016 fi. 

Bigarade essence [ajD= 118'5o - 0-1175 / -000216 1^. 

The decrease, as Gernez found, still goes on after the boiling- 
poiut is exceeded and the substance takes the gaseous form. The 
dispersive powers, on the other hand, were not influenced by heat. 

^ For e^LampIe. within ordiuarr temperaturet^, an increase of 1" Cent, canaefl ft 
reduction ot* the an^le of rotation in a tube 2 decimetres long*, as foUows: — 

lu Nicotine bv 0*1° 

,, Oil of turpentine , 0-06^ 

»» CHI of bitter oran^ , 0*^ 

C>il of oran^> ., 0*38° 

Aquev>u;# ^>lution of invert >:<ugar. with ) 






17 ^rauuues per 100 cub. cent. !«oluCion ( *' — 



The variations are» therefore, s*.»mewhat cou^dderable in amount* and hence it if 
that the stdutioiis under obt<ervation :<hoiild be kept at an uniform known 

^ Lu ^Ui88 tubeH this may be found from the length as nfeeasmed «t oidmftiy 
t«^mperaturt>c», by means of the c\.>eti[icient of linear expomson 0*0C00085 far V* G^t 

=» 't\ich<M.-hmid : Juurn. *'ii pi'ukt. Chtnt. ~2\ 2, 23o. 

* (reme^ : Jinn, u$ rU\l* fwnn. 1,1. 
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In tartaric acid, on the contrary, solid as well as in solution (Biot,' 
Tuchschmid-) an increase of specific rotation is observed with increase 
of temperature for all rays of the spectrum, and in solutions of all 
degrees of concentration, but in unequal amounts. How variable 
the values obtained may become in this substance is shown by the 
observations of Krecke'' in the table annexed : — 





Tartaric Aoid in 100 parts by Weight of 

SolGtion. ] 
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91° 


19-99° 


22-22" 


100" 


17-6fl° 


ai-4K° 


23-79° 1 

1 



Among tartrates, Krecke found that neutral sodium and sodium- 
potassium tartrate showed a slight increase ; tartar emetic, on the 
contrary, a decrease. Lastly, in malic acid (Pasteur) and nicotine 
(see § 32) an increase also of specific rotation with increase of 
temperature has been observed. 

Hence in all specific rotation data the temperature at wliich the 
angle of rotation and the specific gravity (or concentration) of the 
solutions have been observed should be given. 



B. Dependence of Specific Rotation on the Nature and 
Amount of the Solvent. 



g 23. The first substance of which the specific rotation was deter- 
mined by Biot' (1819) was cane-sugar. He found that with tubes of 



: MhH. del'Aead. 16, 229. 

' Kreete: ArcA. merland, 7, 97 (1872). 

'Biot: Jfim.A/'^«jrf. 2, 41 (1819), 13, 36 (\83iy 



Tuchschniid : u( Mpm. 
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equal length the angles of rotation were in direct proportion to the 
amounts of sugar in solution, so that the value for [a] was constant 
whatever the degree of concentration of the solution. The same 
result was obtained with mixtures of oil of turpentiile and ether. 
Biot therefore assumed that the amount of deviation is simply propor- 
tional to the number of optically active molecules encountered by 
the ray in its passage through the solution, and thence formulated 
the following axiom : — 

" When an optically active substance is dissolved in an inactive 
liquid, which exerts no influence upon it chemically, the deviation is 
in direct proportion to the quantity of active substance in the unit- 
volume of solution, and thus specific rotation [a] is determinable from 
the equation [a] ^ -—." {See § 21.) 

Subsequently (1838), from experiments with aqueous solutions 
of tartaric acid, Biot' found that the specific rotation of this substanoe 
increases in proportion as the solutions are more dilute. This was long 
regarded aa an exceptional case, until (in 1852) Biot^, with the aid 
of improved polariseopic apparatus, found that similar phenomena 
are exhibited by other substances. Alcoholic and acetic solutions of 
camphor, for example, were found to show a decrease of specific 
rotation in proportion to the diluteness of the solutions. With oil 
of turpentine, on the contrary, an increase was observed on the 
addition of successive quantities of alcohol or olive-oil ; and lastly, 
even in the case ofsugiir, a feeble increase with the amount of water in 
the solution could be detected. Moreover, the influence of the nature 
of the solvent medium was brought to light, as it was found that 
diflerent values of [a] for camphor were obtained, according as solution 
was effected in alcohol or in equal weights of acetic acid. Hence 
Biot concluded generally that the values of specific rotation deduced 
from solutions are more or less variable ; so that the phenomena 
cannot, as at one time, he regarded as the result of mere mechanical 
diffusion of active molecules in an optically indifferent medium. 

This fuller and more correct view of specific rotation has, how- 
ever, remained in a great measure unheeded. The fact that in 
solutions of cane-sugar the angle of rotation is almost exactly propor- 
tional to the degree of concentration, so that the saccharine strength 
of a solutioTi can be deduced from the deviation observed therein, has 

I Biot : Man. dc VAcad. 15, 93 : Ann. Chim. Fhy!. [3], 10, 
■' Biot ; A>u>. CAijB. Fh<,8. [3], 36, 257. 
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led to the construction of the optical sac chari meter, which has been 
extensively adopted and employed in the analysis of other subatancea 
' besides sugar. Notwithstanding tliiit Biot,' in 1860, in a com- 
prehensive paper containing a rimnie of all his previous researches , 
in connection with the subject, again called attention to the facts of 
the case, the belief is still prevalent that all optically active substances 
behave essentially like sugar, and that the optical analysis of a sub- 
stance is complete when the deviation caused by any solution of it 
has been observed, and the specific rotation calculated therefrom by 
the formulfc 

.100 a. 100 



w- 



l.d.p 



I.c 



I the resulting value being regarded as constant." In this manner 
the specific rotations of a very large number of substances have been 
Ciilculated, and still appear in chemical and physical text-books with- 
out reference to the concentration or nature of the solvent media 
employed. 

A few years ago, Oudemans, jun.,^ contributed fresh proofs that 
the specific rotation of substances is susceptible of considerable varia- 
tions, according as different inactive liquids are employed for solution, 
Since then, Hesse,"' in 1875, published a large number of determiua- 
lions of rotatory power, extending over fifty different active solid 
substances in solutions of different degrees of concentration. Even 
lor small differences (between 1 and 10 grammes of substance in 100 
cubic centimetres of solutio j n a 1 11 hese substances displayed 
appreciable variations in th am un f their specific rotation, and 
nearly always a decrease for n a d p op rtion of active substance. 
Still greater differences, in m ns an es exceeding 50°, resulted 
from the use of different s 1 nts 

S 24. Observations like those of Hesse have thus shown con- 
clusively that, as a lule, no value can be attached to specific rotations 
deduced from an isolated observation of an individual solution, Biot,^ 
however, in his investigations of the rotatory power of tartaric acid 

I Biot : Aim. Chim. Fkys. [3], 59, 206. 

■' See, by way of illustmtiou, BiiiE, Kopp, and ZammiDer'a Lehrbueh d. phijs. u. 
thtorel. C/ieai., p. 387. 

' Oademaiis ; Pos/g. Aim. 148, 337 ; LUbig's Ann. 1 66, 60. 

' Heeae : LUbig'e Aim. 176, H9, 18S, 

° Biot : Mim. rfs CAcad. 15, 206 (1838); 16, 264 ; Ann. Cln„i. Phijs. [3], 10, 386 ; 
28,216; 36,267; 59, 219. 
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long ago showed the significance attaching to these variations in 
value, and the following considerations point to the same conclu- 



The specific rotation of any active liquid can be determined 
directly, and is constant for any given temperature. But, when aucb 
a liquid (I'-ff., oil of turpentine) Ih mixed, in different proportions, with 
an indifierent liquid (as alcohol), and from the composition, density, 
and angle of rotation of the resulting solution the specific rotation 
ia computed, the values so obtained will differ in a greater or lew 
degree from that of the pure substance. Hence it follows that the 
apecific rotatory power of a substance is in some way infiuenced by 
the presence of inactive molecules, so that its value is altered, 
JD the majority of cases sufi'ering an increase, and in rarer 
cases a decrease for increased proportions of the volume of solvent 
employed.' 

If, however, the active substance be a solid, its rotatory power can 
only be examined in solution, and then different values for [a] will 
be obtained according to the character of the solvent, none of which 
is the actual specific rotation of the pure substance, but a value modi- 
fied hy the presence of the inactive liquid, and differing from the real 
value by a quantity unknown. 

When a pure homogeneous liquid is employed as solvent, bo 
that only inactive molecules of one kind are allowed to influence 
those of the active substance, the variations in specific rotation ara 
best shown by the graphic method, the percentages of inactive 
solvent (5) being taken as abscissas, and the corresponding values 
of [a] as ordinates. The increase or decrease of specific rotation 
will then in many cases appear as a straight line, increasing there- 
fore in direct proportion to q. Hence it may be exproaaed by the 
formula 

I. la]=A+Bq 

which the constants A and B roust be ascertained from direct 
ixperiment. In other cases, it will appear as a curve, usually a 

' This may be oaaily shown with a, polariscopio tube set vertioallr with the upp°r 
BD. Let oilofturpeutinebepourediiitoaheight of ! centimetre, and the deyiiiti ■ ' 
obBerTi!!. Then on adding aucueHsive quantities of aluohol a continuous increaf ■ 
rotatory power will he found to take place. The number of active malacnleR h- ■ 
ame, but their aclion in dietributed ovpr a greater Ipogth of column. 1 1 
the other hand, if nicotine be i^sed and diluted with water, a oontinuoiiB dctrfn- 
will be observed in the rotatory power on Buucessive additions. 




H = 



r [a]=A + - 
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nrtion of a parabola or hyperbola, when the relation between the 
pecific rotation and g is represented by au expression of the form— 

+ 9 

Lor bj' some other equation with several constants. 

^^ In these formulaB, A denotes the specific rotation of the pure 
^Bfltance. The values B (I.) and B and C (11.) represent the 
^^Kease or decrease of A for 1 per cent, of inactive solvent. 
^H If J = 0, the specific rotation is that of the pure substance. On 
^^fc other hand, if in equation I. or II., >/ = 100, we get for [o] a value 
^^Bch may be taken as the specific rotation of the active substance 
^^Kn infinitely diluted. Assuming that, when q = 100, the active 
^^■Btance vanishes and the solution consists of the inactive solvent 
^^fce, the rotatory power wiU then necessarily be ni/. As Biot- has 
^^Kited out, this may likewise be deduced from the foregoing expres- 

^^msby equatingthem with the formula ra] = -^^ , which is the 

^qiecific rotation calculated from the directly observed angle of 

' Tha three conatantB A, B, and Cof the foTranla \ii\= A + -^ mayi according 
l/iE£at (^"«. Chim. Phj/i.m, 11, 9G, ^ 69), be calLiilated in the follawin^ manner;— 
Given three separate aolntiouB with j, jj q^ peroent. of afitive Hnbatance, and three 
^p(!cific rotation values [o][ [o]; [a]j respectively, 



thm putting 


A + B^a, 


BC=b, C = 1, 


fae voloeB 


« and. may 


e obtained from the equations :^ 




![.]»?.- 

i[«i?.- 


[•li.l + iw, 
[.],«,! + IW. 


-H.l'-I*- 


uicl theo b 








I[«]i-"l 
IW.-.I 


l», +•! --' 
ls,*<l --» 
1ft + fi = - * 



Biot also bricgB the equati 



t' + ? 

["]--' + 1 J* ^ ' -wbereiQ n' = JL ,uii C 
can be suhHtitiitod for q in the above formulie. 
1. Chin. Fhyi. [3], 10, 399, { 69; 59, 22*, j 15. 
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rotation. Introducing in the latter in place o! p, since ^ i 
the value 100— 5, we get by equating with I., 



= l.il\A + 



(^-i5o)'-W'} 



Putting in this equation g = 100, we get o = 0; tliat is, 
the rotatory power Tanishes. If g = 0, then a = I . d . A; that is, 
the angle of rotation for a length of 1 decimetre of pure sub- 
stance of density d. And, as in that case- — - =; [a], we get 

[a] — A, the specific rotation of the active substance in a stat. 
of puritv. 

In such active liquids as are miacible in all proportions wil! 
some other indifferent liquid the variations in the specific rotatiou 
up to extreme degrees of dilution can be determined by direct 
experiment, and the complete curve be drawn from g = to approxi- 
mately q = 100, In such cases, if the constant A be deduced from 
observations of a number of solutions, a value will he obtained more 
closely approximating to the true specific rotation of the pure 
substance in proportion as the observations extend over a greater 
length of curve, and the nearer they approach the point where 
abscissa q = — that is to say, the greater the concentration of lie 
solutions employed. 

When the active substance is a solid, the true specific rotation 
cannot be determined directly, and we can only construct a portion 
of the curve, larger or smaller according to the solubility of the 
substance, but always commencing at some distance from the origin 
of co-ordinates. If from these observations the constants A and 3 
of formula I. or II. be calculated, the values obtained will only 
be strictly available for interpolation within the dilution-limits of 
the solutions employed. 

The question then arises to what extent in such oases we are 
justified in regarding the value obtained for constant A as the 
specific rotation of the pure substance. The extrapolation, which Ij 
here presupposed, is admissible indeed when the variation in thf 
specific rotation takes the form of a straight line — i.e., can be ropvi- 
sented by the formula \a'\-=. A + Bq. But if, on the other hand, il 
takes the shape of a curve, the value of A, aa calculated from the 
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bnnula [o] =- A + Bq + Cq^ or some other eimi Jar expression, will 
present the true specific rotation of the pure substance, the more 
[perfectly the shorter the length of the experimental curve. How 
r a correct determination is attainable in auoh cases will depend on 
e solubility of the active substance itself. If iudeed only dQnte 
lutions can be prepaied, and if, moreover, the increase or decrease 
the values of [a] is not constantly proportional to q, an estima- 
m of the true speciiic rotation of the pure substance is quit« 
ipracticable. 

§ 25. If we replace q in forroulK I, and II. by p — ;.?., the pro- 
ortioD of active substance in 100 parts by weight of solution — the 
onstant A will then represent the specific rotation of the active 
nbstance in a state of infinite dilution, and that of the pure aub- 
■Unce will be obtained when p ~ 100. But the employment of 
q (or, adopting Biot'a notation p, — i.e., the proportion of inactive 
substance per unit-wcjght of solution) aa above is preferable. 

In estimating rotatorj' power by the formula [a] = -^— =:= — ^ 

(see § 21), no determination of the apecitic gravity of the solutions 
is required but merely the concentration o, determined hy means 
of a flask of known capacity. Modifying the foregoing equations 
I. and n. accordingly, we have [a] = A + Be, 3.nd[a] =A-\- Bc+Ct^, 
and putting c ^ 100, we get the specific rotation of a solution con- 
taining 100 grammes of active substance in 100 cubic centiraetrea of 
solution. But this would only repreaent the pure substance if it had 
a density d = [. If, as is always the case, d has some other value, 
any 8, we must give c the value 100 B. This, however, is a condition 
whieli can be but rarely satisfied, and never with certainty, as it pre- 
supposes a knowledge of the specific gravity of the active substance 
in an unknown amorphous condition. Hence, no specific rotation data 
where only the concentration of the solutions is taken account of, and 
specific gravity or weight per cent, composition is neglected, can be 
employed for the determination of the rotatory powers of the pure 
substances. 

ii 26. Wheu an active substance is influenced by inactive mole- 
cules of two different kinds, as when some other substance is dissolved 
along with it, or the active substance is dissolved in a mixture of two 
diSerent liquids, the case becomes much more complicated. Each of 
the inactive substances exerts its own influence on the true specific 
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rotation, which thus undergoes modifications which differ with 
change in the relative proportions of the three connponents. In 
such cases several series of solutions must be prepared, such, that 
whilst in each series the active substance bears some one constant 
proportion by weight to one of the inactive substances, the propor- 
tion of the other inactive substance undergoes variation. 

In this way Biot' deteroiiiied the combined action of water and 
boraeic acid on d ex tro- tartaric acid. In preaenee of each of these 
substances singly, as by fusion along with increasing quantities of 
boracic acid on the one hand, or solution in increasing volumes of 
water on the other, the rotatory power of tartaric acid increases. 
The same is the case when a mixture of the two acids is brought into 
the presence of water, and then the amount of increase is found to 
depend upon two conditions : — (1) On the ratio bttiteen tartar 
and boracir- acid in the mixfuri'. The property of increasing the 
rotation of tartaric acid possessed by boracic acid depends • 
formation of an unstable compound (represented, according la 
Dubrunfaut,^ by H, B O,; + 2 C^ H^ Oj) of higher rotatory power. 
The ratio between the tartaric aoid and water remaining eonatant, 
the increase of rotation caused by the addition of diffei'ent quantities 
of boracic acid (^ parts by weight per unit-weight of solution) may 
be represented by the formula 

0+0 ' 

of which the three constants ABC must be determined by a suii' 
of observations. (2) On the amount of dealer. The latter exerts i 
inherent property of increasing the rotatory power of the tarii^r 
acid ; on the other hand, it tends to break up tlie combination betwi : 
the two acids, thereby causing a decrease of rotatoi'y power. Exju.: 
ment shows that so long as the mixture contains less than 0088 paH 
of boracic acid to 1 part tai'taric acid, the rotation undergoes a con- 
tinuous increase on the addition of increasing proportions of water. 
When the ratio between the tartaric and boracic acid is exactly 
] : 0'088, the specific rotation remains unchanged at each dilution, 
the decrease of optical activity due to the progressive breaking-up of 
the compound being exactly counterbalanced by the increase caused 
by the action of increasing volumes of water upon the acid set free. 
Jjastly, should the mixture contain more than 0-088 part of boracii; 



[a] = 



A + . 



' Biot; Ann. Chim. Fkyi. [3}, 11, 6 
' Dubruufaut: Coaptes Send. 42, 1 



; 29, 341, -130; 59, 229. 
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id to 1 part tartaric acid, the influence of the first of the two factcra 
edomioates, and the observed rotation deL-linea with successive addi- 
ions of water, In such cases in general the variations may be 
wesaed by the formula [a] = ^ + B q, in which q repreaente the 
iportion of water per unit-weight of mixture. If all three ingre- 
ientsvary, certain weight proportions are found to give a maximum 
f rotation. The extensive series of researches by Biot show what 
Teat difficulty such ternary systems oppose to a correct apprecia- 
aa of the rotation-phenomena. 

Similar phenomena are exhibited in other cases, as, for example, 
'hen alkaloids are dissolved in varying proportions of acids and 
fater, or in mixtures of alcohol and chloroform in different propor- 
ions.^ The variations in specific rotation in these cases are perfectly 
becure, and we may meet with curves showing a maximum at 
By point whatever. 

In polariscopic investigations it is therefore necessary to employ 
slvents in the purest possible state, or, at any rate, in using mixtures 
[ke aqueous alcohol, to see that the composition of the solvent is kept 
ftrfectly constant. 

r § 27. A peculiar case of variation of specific rotation occurs in 

tallized milk-sugar, Cj^Hj^ 0,i+ H^O, and also in glucoses having 

Bormula C^ H^j Og -|- H^ (honey-sugar, grape-sugar, starch-sugar, 

■sugars from glucosides, as salicin, amygdalin, and phlorhiziu). 

1 a freshly prepared aqueous solution of one of these substances 

i undet observation, it is found to exhibit a gradually decreas- 

rotatory power, after a certain length of time, however, becoming 

taut. The decrease begins immediately after solution, so that 

■vations must be made with all speed if we wish to determine the 

a of rotation with anything like accuracy. At ordinary tem- 

airea the decrease stops after the lapse of about twenty-four hours. 

I accelerates the change, and boiling brings it to a conclusion in 

ice of a few minutes ; cold, on the contrary, delays it, as well as 

bon of alcohol, wood-spirit, or acids. 

jThe extent to which such variations may occur in certain 

shown by the subjoined results of experiments made by 
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Talie. Hotation 



MUi-aagar (dextro-rotatory) i— 

Immediiitely after solutioit . . 

After tlm rotation had become 

oonstaiit 

Honey-Bugar (dextro-rotatory) : — 

Immediately after aolntioii . . 

After the rotation Iiad become I 



2-36'' 53'6S' 

0-83" ai'Ofl" 

a-SS" 4G'68° 



As the initial rotation is nearly twice as great as the constant 
rotation, the name of bi-rotation haa been applied to this peculiarity. 

As Duhrunfaut, Erdmann, and Bechamp' have shown, the plicih - 
menon is connected with the fact that these sugars can assume v\ 
distinct modifications, the one crystalline, the other amorphous; !:■ 
latter being produced by fusion. The crystalline form alone give- 1 'i 
initial maximum of rotatory power; the amorphous gives the niiniui'i 
at once, and hence it is inferred that when the former is brought iiV' 
solution, it undergoes a gradual conversion into the latter modificatiou. 
The higher rotatory power observed at first is probably due t.o the pre- 
sence in the liquid of certain groups of molecules (so-called crystal- 
molecules) possessing optical Ij'-active structures, still remaining intact 
after the solution of the crystals has taken place, and so superadding the 
rotation due to crystalline form, to that which is possessed by the indi- 
yidual molecules themselves. In course of time the perfect separation 
of these crystalline combinations into their constituent chemical mole- 
cules takesplace, and then we have simply the rotation due to the latter. 

Another instance of hi-rotation just after solution is found in 
the case of the crystals belonging to the rhomboidal system, formed bj 
the union of grape-sugar and sodium chloride, 2 Cg Hjj 0^. Nafl 
+ Ho (Pasteur-). But no other instance of the phenomenon hai* 
hitherto been observed. 

g 28. From this inconstancy of specific rotation of substancs 
in solution, it follows that we must no longer, as formerly, assm 
the complete indifference of the active to the presence of inactii 

' Bnbninfaut, Erdmann, and Bfchamp ; Jahreib./ilr CUf-m, 1855, 671 ; I85S, 6J! 
' Paatour: Ann. Chan. Phyt. [3], 31, 95. 
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jBoIeciiles, since it is clear that the latter do exert some influeiice on 
tlie former, and it becomes a question what the nature of this 
induetice is. 

The statement by Biot in thia connection is that the rotatory 
power of a substance may be modified either by changes in its 
jhemical constitution, or, where this remains unaltered, by the 
(irmation of molecule-groups of variable composition, arising from 
he perfect distribution of the solvent through the active substance, 
he latter imparting to them that amount of rotatory power, endowed 
'ith which they constitute the active elements of the mass. 

It is n conceivable view that when between the raolccuJea of 
)me active substance, such aa oil of turpentine, in which the mole- 
alar attractions throughout the mass are in equilibrium, we intro- 
uee the molecules of some other substance, as alcohol, which set up 
mtual attractions different in degree from the former, some modifi- 
ition in the structure of the active molecule ensues — some change 
I the mutual distances of the atoms composing it, their arrangement 
I space, and mode of vibration. In thia way would be produced a 
lodification of that non-symmetry in the density of the ether on 
hich the phenomenon of optical activity depends, and the result 
ouid be more marked in proportion to the number of inactive mole- 
iles taking part in the reaction. The solutions of an active substance 
1 different inactive liquids ought in this way to give different specific 
itations, inasmuch as each species of molecule exerts an attraction 
eculiar to itself. 

Of the theories proposed by Biot, the second alternative which 
jpposes a transfer of rotatory power from the active molecules 
) a number of inactive molecules combined with them, is quite 
■conceivable. Nor can we possibly suppose that in dissolving 
jch bodies as oil of turpentine in alcohol, sugar in water, &c., the 
lere solution produces any real alteration of chemical constitution. 
f we purposely bring about such alteration by the addition of some 
Irong re-agent, we shall at once see how difl'erent the two cases are. 
n the first case we were dealing with modifications of rotatory power 
fa temporary character; and it was possible by removing the disturb- 
ig agent to restore the rotation to its original intensity ; but in the 
itter case this is no longer possible — the modification is permanent. 
Vhateverthe true explanation may be, these variations of optical 
ctivity point to some mobile condition of the arrangement of atoms 
a the molecule. How considerable in amount they may at times 
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become, ib evident from the fact, as we have already seen (§ It^ 
townrds the end), that in some cases the alteration is so great 

ooinplote reversal of the original direction of rotation, lasting 
oiily so long as the disturbing substance is present. 



0. Determination of the True Specific Rotation of Active 
Substances from the Rotatory Power of their Solutiona. 

*! 29. As we have seen (g 24), the value [a], calculated from a 
solution of an active substance, is never the true specific rotation of 
the substance itself, in a state of purity. It is necessary first to ascer- 
tain the law of the variation brought about by the inactive liquid, 
by examining a number of solutions of different strengths, and 
then the true specific rotation may be approximately obtained by cal- 
ouUtiug the value of constant A in the formula [a] = A + Bq, 
or [*] = A + It^ + Cq-, &c. (see ^ 24). 

\\*hethcr this met hod is really reliable or not can only be proved 
by e:!p^nments on substances, the real specific rotation of wbicli 
can be deiemtined independently. A series of solutions of suuh 
eubiibuicps of different strengths must be prepared, from the observed 
qteritio rotations of which the value of constant A mast be determineJ, 
•ltd tW wsuU compared with thai obtained by direct observation. Up 
to (lt« pr«seiiu llw only invesugwioi^ of this kind have been made bv 
Hh^ irith oaav-mgur' and tattuic acid*, the latter of which, when 
vast in snlid plates, was fbuBd ba give aetrty ike same specific rotation 
mt hiA b«M MNnad hvu ita aiilioaii br a|iplicaQoa of the formula 

It waa, tWw^hi^ afnipartaamtkai fioAer researches oftae 
•Hk« kM «^«mM W nslitated, aad wmn puttealarly upon liquids, 
fl)M» it it iMly ««ek w A* MWW that adait of tae ^>ecific rotation of 
Aft «bH)lai» aa Vtaa w h eia g «cnainl<(ly dcMnamed, as well as of a 
wlip>Blif loxaminaiviit «( d« nfamai firadaaud by the addition of 
aaww m ve if»a»uti<« «f 'tair u — i — rt ii* « h u a ta , 

IwtWMkiwi^jtp^r w ia y wlWi^wttaaf Aaaatfaor'sinvesti- 
f W l iw Ki rf At wtawy pwrw* rf n^^aiJ l e ft Ww iadoil of torpen- 
ti>^ «fe «li hWfc *wJ>aWwtlarf«t(yt.wfcB> feat al»e,a»d afterwards ill 

* Jhi^ «m. in^ ^^Vk,l». 
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admixture with different inactive liquids.' In these, the value ["] 
exhibits very different rates of increase or decrease for increasing' 
percentages of solvent q, the law of variation, when shown graphically, 
appearing m some cases as a straight line, in others as a curve. In 
the first place a formula waa deduced for each, embracing all the curve 
lying between the most concentrated and the most dilute of the solu- 
tiona used ; and, as the observations for the most part started with 
solutions containing about 90 per cent, of active substance, it was to 
be expected that at this point the value deduced for the constant A 
woold approximate very closely to the true specific rotation of the 
absolute substance. Next it was sought to determine to what 
extent the calculated differs from the true specific rotation when 
only dilute solutions are used, as would be the case with substances 
tut sparingly soluble. 

As already stated (% 33), we find that when an active substance 
is dissolved in different liquids, different values of [a] are always ob- 
tained, even when the degrees of concentration are the same, whence 
it has been often inferred that for each solvent any substance has 
a different constant of specific rotation. Experiment in this direction 
must decide whether the true rotatory power of a substance does 
indeed suffer an immediate definite alteration under the infiuence of 
small proportions of inactive solvent, which subsequently proceeds at 
a different rate on further dilution, or whether the values obtained 
for constant A with different solvents do sufficiently agree with 
each other. Biot^ has recorded a solitary experiment of this 
kind, in which he worked with solutions of camphor in acetic 
acid and in alcohol. The results for the red ray (| 18) gave 
the formulaa^ 

A B 

Solutions in acetic acid [a]^ = 42'54 — 0-14:^36 q, 
alcohol [a], = 45'25 - 0-13688/?. 

The two values for A, instead of agreeing as expected, here 
ibit a by no means insignificant difference, and Biot assumes, in 
)lanation, that the law of variation of the specific rotation is not 
pressed with sufficient exactness by the foregoing interpolation- 

lulse. 

The observations appended were made by the methods described 
lengih in Chapter V. 

' LUblg'tAnn., 189, 341, 

" Biot : An». Chim. Phiji. [S], 36, 301, 
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The following abbreviatiooB have been used : — 

p, percentage of actJTe sabstanc* in lOO parts by weight of sotntion. 

il. upet'ific gravity of the Bolutioa at iU" Cent., that of water at 4' beiiiK taken 
e—dp, the conoentration, i.e., the number id granunefl of active subatanee 

centimetrefi of solution. 
L, the leogth of lube in nuUimetres. 
a, observed angie of deviation of rajD, at a tempeiataro of 20° Cent. , expressed in ' 

re of 20° Cent. 



100 M 



[«]. 



-, the apedfic rotation for ray J>, a 

I. Left-handed Oil op TuaPENriNK. 



a. 


Wd. 


31-905° 


37-004° 


ro-204° 


37-016' 



§ 30, Two kilogrammes of Bordeaux oil, after standmg { 
several weeks over calcium chloride, were submitted to diatillatic 
Nearly the whole came over between ItiO" and 162° Cent. Eei^i£fl 
barometer = 737 millimetrefi. 

Specific gravity 0'86290. 

The rotation was observed with a. Wild's instrument, having 'i 
bath-tubes of different lengths. 
Espt. L. 

I. 99-92 

II. 21979 

Mean: [ajn = 37-010°. 

It should be remembered that when oil of turpentine is kept in 
vessels containing air, it undergoes a process of oxidation, wherehy 
the specific gravity of the oil is increased and the rotatory power 
diminished. A portion of the above oil, after standing thus for four 
weeks, gave a specific gravity of 0-86779, and with a 219"79 raillinietre 
tube showed a deviation of 68-144, whence \a]^ = 35-728' 

(a.) Mixtures mth Alcohol. 

Alcohol, as nearly as possible anhydrous, with a specific gravity 

0-7957, was used. The following mistures were examined with Wild's 

polar iacope :— 



Nnmber 
Mixture. 


OUof 

Turpen. 
tine 
P- 


Alcohol 1 
?■ j 


rf. 


a for 
"■ L- 219-79. 


[-].■ 


I. 


90-0530 


fl-9470 


85668 


77-017* 


62-716° 


37 -0::^ 


n. 


69-9416 


30068* C 


83923 




6971 


*8 


yiJ.' 




m. 


49-9668 


60-0342 


82512 




3*28 


31 


)36° 


37-54S 


rv. 


29-9716 


70-0286 C 


81273 


it 


3588 


20 


293= 


37-901-' 




10-0078 


89-9922 


SDIOS 


H-0170 


6-782° 
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Xiike the oil itself its alcoholic solutions sufTer a gradual decrease ^M 
r rotatory power when kept in incompletely filled vessels. Mixture ^M 
^t the end of eight days gave [oJq = 37'164''. H 

V (b-) Mixtures mtk Benzene. ^M 

Crjetallizable benzene with a boiling point 80-4° Cent (baro- H 
leter, 755 millimetreB), and a specific gravity of 0-88029 was H 
sed. Observations were taken with Wild'e instrument:— ^M 


of 

Mixture. 

I. 

11. 
ni. 

\l 

" TO. 


Oil erf 

fine 
P- 


'T" 








■ 


d. 


'■ 


L ~ 219-79. 


-. 1 


89-918S 
77.9272 
e5-0S53 
SI '049!) 
36'Sg87 
22-0567 
9-9839 


10 

22 
34 
48 
03 
77 
90 


OSIS 
0728 
9447 
9501 
1013 
0443 
0161 


0-86340 
0-86439 
0-36562 
0-86769 
0-87060 
0-87377 
0-87713 


77-6366 
B7-3fi9S 
.^6-3131 
44-2966 
32-1204 
20'DeS0 
8-7572 


63-466° 
fifi-600' 
40-7B9'" 
37-175° 
27-196° 
17-207° 
7-S93" 


37191H V 
37-803°] ^1 

■ 

39-149° ■ 


(c.) Mixtures with Acetic Acid. H 

The glacial acetic acid used was rectified by two fractional crys- H 
taUizations, and had a specific gravity 1'0502 at 20° Cent., corre- H 
Bponding to 99-8 to 99-9 per cent, of acetic acid. Wild's polariscope H 
was used : — f 


of 
Hiztore. 


Oiluf 
Turpen- 
tine 
p. 


Anetio 
Acid 

'■ 


d. 


•■ 


ofor 
L = 219-79. 


... 


I. 

m. 

IV, 
V. 

VI. 


90-1636 
7S'0068 
e4-8S10 
50-9737 
22-9616 
9-8414 


9-8364 
21-9342 
3E1390 
■(9-0263 
77-03B4 
90-1580 


0-8766fl 
0-89166 
0-91163 
0-98530 
0-99183 
1-02330 


78-9520 
69-6032 
69-1293 

47-6757 

22-7740 
10-0707 


64-462° 
57-228° 
43-236° 
40-266° 
18-858° 
8-903° 


37-148° H 

■ 

38-427° H 
39-672° H 
40-222° ^M 


^^IB^^^^Htt^l 



Kit-n I- rf = P^-aa m = KUK- >] = M Mr t-hen fresh 3:H«| 
By roaoD of tlii> HrfiOitj to ehuige under the mBuence 1 






^ 


turp 
thrc 

ofw 
uiu! 
case 
ofa; 

iron 


A« the ybaervations show, the spcdific rotiitioii of tJte oil' 
eiitiiie rises with tlie addition of increasing quaDtities y of • 
e solvents, the graphic representations faking the form of cuttI 
hicli that for ucetic acid uppeai-s steepest, that for benzene less sc 
for alcohol least (see Fig. 15). Althongh the curvature i" ■ ■ 

IB slight, the deviation from a straight line is too great to : ■: 
pplication of the foiinula [u] = A + B q. 

If, taking this equation, we proceed to determine the constai)! J 
1 two mixtures, values will be obtained, which will always be lv» 
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L the true specific rotation of pure oil of turpentine (37-01), differ- 
from the latter in proportion to the diluteneBs of the solutiona 
loycd in its determination. Thus, with alcohol as the inactive 
Bnt, we get — 



Wrraa mixtures I. 



Eitra- 

polatiao 

10 per oent. 



■ „ IV. „ V. J = 35'fi7° -1-14° 70 

On the other hand, if we adopt the formula [a] = A + B q + C q-, 
compute the values of the constants A, B, and C from the 
tiona containing the smallest, mean, and largest proportions 
lectively of the inactive constituent, wo get for A a value 
rooching very near to that of the specific rotation of pure oil of 
ntine. Moreover, the formula agrees sufficiently well with the 
total curve throughout (from q = 10 to 90). The mixtures 
} fiimished the results shown below :— 

Sol (computed from solutions I., III., and V.) 
^]i,= 36'974 + 0'0048164j + 0-00013310 y^. 
maene (computed from solutions I., IV., and VII,) 
bt]o = 36-970 + 0-021531? + 0-000066727sl 

e acid (computed from solutions I., IV., and VI.) 

- 36-894 + 0-024.553 J + 0-00013689 5^. 
^formuhe give the following interpolation values : — 



M 


No. of 


'/■ 


„.s... 


CalcXted. 


DiffeMnce. 


K j 


II. 


30-0fl81 


37-247° 


37-230° 


- 0-008= 


w t 


IV. 


70-0285 


37-904° 


37-964" 


-f 0-060= 


1 


n. 


22-0728 


37-487° 


37-178° 


- 0-009° 


1 


ni. 


3i'9447 


37-803° 


37-804'' 


+ 0-001° 


p 


V. 


e3-1013 


38-523° 


38-594° 


-^ 0-071° 


1 


VI. 


77-0443 


39-031° 


39026° 


- 0-006° 


I 


n. 


2l-()342 


-37-406'' 


3r-4aB° 


+ 0-002° 


B&cid 


III. 


35-1390 


37^885° 


37-fl2U° 


+ 0-041' 


i 


V. 


7r-0384 


39-672° 


39-598° 


- 0'074° 
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If now we seek to determine the specific rotation of puie| 
of turpentine from the more dilute solutions only, we get for 
the formula [a] =^A-\-Bq-\-Cq^ values showing the folio 
divergences : — 



Solvent. 


From Solu- 
tions 


We obtain 
A =: 


Divergenoe 
from 3701 


polatii 


Alcohol 


/ II., rv., V. 
( in., rv., V. 


37-20° 
36-13° 


+ 019° 
- 1-88° 


30 pan 
60 „ 


Benzene 


(ni., v., VI. 
\ v., VI., vn. 


37-26° 
36-42° 


+ 0-26° 
- 1-69° 


36 , 

63 , 


Acetic Acid 


i II., rv., VI. 

{ IV., v., VI. 


36-66° 
36 00° 


- 0-36° 

- 101° 


22 , 

49 „ 



Hence the divergence from the real value may amount, in 
cases, to a whole degree, when the solutions contain more than 50i 
cent, of solvent. 



II. Right-handed Oil of Turpentine. 

§ 31. The American oil here eniployed had a specific grai 
0-91083. 

For determining the rotation of the pure oil and its 
Wild's and Mitscherlich's instruments were used, but at 
these observations were made the experimental tubes had 
furnished with water-baths. The temperature of the liquid. 
tained at the conclusion of the measurements by a tb 
inserted into the tube. 







a for 


1 


InHtniment. 


Temperature. 


Z = 219-90 TTiillimH. 


C«]J1 


Wild 


21-2° 


28-354° 


14-16^ 


Mitscherlich 


21-0° 


28-315° 


U'isr 



Mean : [a]i> = 14-147°. 

Mixtures with AlcohoL 
The following mixtures were prepared : — 



Number of 
Mixture. 



I. 

II. 

III. 



Oil of 
Turpentine 



73-0927 
47*6124 
22-2443 



Alcohol 



d. 



e. 



26-9073 
62-4876 
77-7657 



0-87648 



64-0643 
40-2154 
18-2101 



DETEKMl NATION OK THUE SPEUFIC ROTATION. 

te angles of rotation obtained were : — 



fc."* 


InBtmmeut. 


-r 


dot 
L = 219-90. 


H- 


il. 


^ i 


wad 

Mitenherlieh 


22-6° 
22-0° 


20 -lie" 

20-429° 


H-492= 
l*-499° 


14-498" 


-1 


Wild 
MitBcherlioh 


22-0" 
22 'O" 


13'0B6° 
13-059° 


14-809° 
l*-767° 


U-788° 


-\ 


wad 


2*'0° 


6021° 
6 068= 


15-036° 
16-1 63° 


15-0B6= 



also the specific rotation undergoes a slight increase with 
ising dilution. The graphic representation (Fig. 16) showa that 




i points lie olmost exactly in a straight line. Introducing 
Ban valne of [o] into the formula [a] ^=: A + Bq, we obtain — 

1. Calculated from mixturas I. and II. A = 14-189 B - + 0-011415 

2. ,, „ n. „ m. = 14-160 = + 0-012150 

3. „ „ I. „ III. =14-179 =+0-0117S0 
The values here obtained for A agree very closely with the 

uwtly observed specific rotation of the oil, ^ 14'147°. 

~l Taking the mean of the above values for A and B, respectively, 

[a]i,= U'l?''} + 0-11782?, 

rhich, of course, corresponds closely with the observations. We 
ave — 
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a 

urss 



f'ali-uLited. 

1 4 -490 
14-791 
150>9 



— OtW* 

- 0-003 

— o-iKW 



1. 

u 

\ l\ivtbt*i* st'r^o^ot experiments with benzene as solvent ledtti 
vosult, H2^ ^^^^* ^*^ ^^''Pentine used in preparing the mixtures vasi 
luifovni, ivon^ "*^'^ ^^^ having been kept an equal length of 
UlH«iHl' to oxidi^i"? iutiuenoes. 

Ill, XUOTINE (IuEVO-ROIATORY). 

^ 32. Tho puiv subs^tance here employed was prepared from 
maiuiiu's iiuuiiu'ivul uiootine ; supplied by H. Trommsdorff, of 
'l\i ivuu»\o auv small impurities of ether, alcohol, and watff, 
liiiuid wu?^ lu'aU'il in a retort, whilst a stream of hydrogen 
».\rr il, t^»»' oi>;hl hv»urs, at a temperature of 150", which was 
iaiMi'*l lo ISO iViil.. wlurebv u total distillate of 15 cubic centii 
».iiu-iir^tinK ilui*tl\ of aUvhoU passed over. The residue WM 
iliniilK'^l \\\ u ^'uiivul of hydrogen, in successive portions ofi 
j^imiim*'. lV^»m a muuiU ivloit heated by a sand-bath. 

A I "-".'» Toui. ihe uuvtiue, at tin>t still retaining some 
III i; lit! !»' 1''*'^*' K*\v\\ but the thermometer immersed in the 
iiiih U\\ »"■'»> l^' '-'I l' vivnveted. *J4i>-"' Cent.- when the boiling 
I,, j'.iu liiii-.Ml ukto iho \54Kmr. the thermometer fell to 24r3'' 
i\'. i.uurrUul, VMili' to •J4i>N Cent. , which temperatiii« 
iii.iiii< <l (HK.iiUkl tlumi^ llie ivst of the distillatiou. Height of 
,,,, i, I < i • inillimrhrs. 'Y\w hydiViTeii w.is admitted in a very 
.lit iiiii. 'Hi«l hi» »lr\M»iu|»i>s\iiou ot the siibstdL.oe resulted. All 
,i,jii ■fiiiiimn 1 III |iuio >iub>taueo. in the lomi *n a colourless liq' 
l.tinil^ iinjMti Willi \rUi»\\. a\ oiv obtained. I: was sealed up in 
IuIm.. Am iiihi^ .1.1 ol ilns i\\ootiuo, tht- nitro^t:: being detei 
ill ilir ^ii'«»»n.. Imiu. ^u\o the following numbers: — 



Anal 



I 
II 



Icent 

[part 

inst 
tun 
exp 
tlie 
fro 

Tl 



r 
II 
N 



l\\\iui\v\l tor 

7*0-2 

S i«l» 



s .■' 



t 
t 



Tlir [111 |»aiatiiiu wiiN ^^bmi^od lo furihor examination by tit 
limi. 'lilt' liicDtiiu- wiia wii^linl iu \\\'\\\ ' 'lbs. which were 

bn.kiu ui.iU'i" walur, ami, uhri miIuI ' of litmus 



IIKTERMINATION I 



irEtlFli; ROTATION. 



. the liquid neutralized with a standard hydrochloric acid (con- 
ing O'055013 gramme H CI in 1 cubic centimetre). 



islysis. 


Weighed 


Acid used in Titration. 


Henoe 
lmol(iciileHCl[= 36-37) 


I. 

n. 
III. 


4-1303 ^rm. 
1-0002 „ 
7-3018 „ 


l69o.c. = 0-92B72gnn.Ha 
4-1 ,. ^0-Z25fi6 „ „ 
29-7 „ =1-63390 „ „ 

Mean 


16128 „ 
162-80 „ 





^^But one molecule nicotine, Cm H,^ Nj = 161"72. 
^^Again, in a rough titration with dilute sulphuric acid, contain- 
tg 0-030369 gramme H^SO., per cubic centimetre, 37'1 cubic 
mtimetres served to neutralize 3-8310 grammes of substance, accord- 
ig to which one molecule HjSO^ (97-82) combines with 332'6 
irts of nicotine; hut two molecules CjuHj^Nj — 323'4. 

The specific rotation of the nicotine was observed with the Wild's 
istrument, and observations were taken at three separate tempera- 
area (10°, 1^0°, 30° Cent.), so as to ascertain the effect of heat. The 
sperimental tube was provided with a water-jacket, and, measured at 
le mean temperature (20° Gent.), had a length of 99'923 millimetres, 
■om which its true lengths at 10° and 30° Cent, were calculated, 
Bsnming the coefficient of expansion of the glass to be 0-0000086. 
'be specific gravity of the nicotine, referred to that of water at 4° Cent., 
ras also observed with the pycnometer at each separate temperature. 



Temp. 



H.- 



y9-9U inillimB. 



I 

Bb 49-82 millimetres long, gave ii= 81-283". The temperature of 
■he nicotine was about 21-0°, and taking rf = 1-01101, [o] = 161-38°. 
Accordingly the specific rotation of nicotine at 20° Cent, has been 
tAen in what follows as 

[ttjn = 161-55° 



— • 21. "^ij 



*- **V*JTB n\} 



'T- 



i£r"' 



"~~— -^-'Ji TT-- 



'-'^^''■'•"-'^HXLVlll 






DETERUIlfATION (IF TRUE SPECIFIC ROTATION, 



mahBTot 
Miitore. 


'J- 


o,.SL 




Diffsrenoe. 


■ '' 


9-9055 


15B-65= 


168-63' 


- 0-02 


1^ 


36'OGIH 


154-92° 


155-26'' 


+ 0-34 


t 


401)655 


161-78° 


151-82° 


+ O'H 


E 


54-8164 


148-81= ■ 


148-02° 


- 0-19 


K- 


9S-B732 


145-42° 


146-27'' 


- OlS 


m- 


85 0433 


1*1-60° 


Mi-sa" 


+ 0-32 



(b.) Miichim icith Water. 

Nicotine mixes with water in all proportions, the more dilute 
solutions exhibiting- a faint opalescent clouding, which necessitated 
a larger number oi' polarisuopic observations. With the addition of 
ffater a considerable amount of heat is developed, so tbat in mixing 
24 grammes nicotine with 6 grammes water, the thermometer rose 
from liO" to 35° Cent. The rotations were all observed with the Wild's 
instrument, the 99-923 millimetre tube being used for mixtures 
t.t II., III., IV., VIII., and a short tube 49-82 millimetres in length 
for mixtures V., VI., and VII. 



nmberof 
Mistnre. 


p- 


Water 
1- 


<f'. 


,. 


•■ 


[■]- 


I. 


89-9155 


10 


0846 


1-02671 


92-3170 


123 


46r 


133-85" 


II. 


78-3820 


21 


6080 


1-0352S 


81-1578 


88 


823" 


109-53° 


in. 


65-8972 


34 


1028 


1-04010 


68-5397 


64 


543° 


94-24° 


rv. 


53-4750 


46 


5250 


1-03640 


55-125(; 


47 


952° 


86-68° 


V. 


34-2864 


65 


7146 


1*02282 


35-0680 


14 


113° 


80-78° 


VI. 


17-8793 


82 


3207 


101158 


17-8840 


6 


8.55" 


78-94° 


vn. 


16-3356 


83 


6644 


1-00057 


18-4920 


6 


317° 


76-88° 


vm. 


8-9731 


91 


0269 


1-00460 


9-0152 


6-804° 


76-63° 

















Hence it appears that the specific rotation of nicotine goes on 
diminishing on successive additions of water, at .first very markedly, 
but by-and-bye at a much snmller rate. The strongly curved line 

' The specific ^avily of the miitureB at first increaBed bydie addition of water, 
stlaioing the maximum wilb mixture in., and. tbea dacliniiig with eaoli freah addition. 
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B I., n., Ill,, A = leS-l?"; whereas from I., IV., VII. we get 
: 153-00°, and from IV., V., VIIL, A ^ UVlii". For a uom- 
> expression of the curve au equation of diil'erent form must be 
n-j".l, such as that calculated by Dr. Vogler, of Aachen, viz : — 
.ij[, = llu-Oiy - 1-706075 + -s/aUO-fj - 108'8G7 J + 2-5572 f, 
■>lii«h affords values comparable with the results of observation as 
below : — 



Mistnre. 


s- 


ObBowed. 


Calculated. 


Diflerenoe. 


I, 


10-084S 


133-88'' 


133-92° 


+ 0-07 


n. 


21-6080 


109 -sa- 


lOE 


40° 


- C 


114 


m. 


34'1028 


94 ■24'' 


04 


28° 


+ c 


1)4 


w. 


46-3250 


B6-,58° 


80 




+ c 


IG 


V. 


65-714G 


80-78° 




sa" 


- c 


22 


VI. 


82-3027 


7e-9-i° 


75 


OS' 








83-6641 


76-aa' 










vm. 


91-02(i() 


75-63° 


76-60° 


+ 0-03 



For pure nicotine ((/ = 0), the above formula gives [a]^ 
= 161-29°, instead of the value found = lOrSS"; for 5 ^ 100, the 
value of [o] = 74'13'', so that nicotine, when diluted largely with 
wiiter, has its specific rotation reduced to less than one-half of the 
original amount. 



IV. T. 



E OF Ethtt. (Dextro-kotatory). 



§ 33, To prepare this substance, an alcoholic solution of tartaric 
acid was heated for some days in a water-bath along with one-tenth its 
volume of concentrated sulphuric acid. The mixture was then diluted 
plentifully with water, saturated with barium carbonate, and the 
filtered liquor agitated with ether. From the ethereal extract the ether 
wa« removed by distillation, and the residue in the retort heated to 
a. temperature of 110° to 120° Cent., whilst a current of dry air 
was led through it so long as any traces of ether, alcohol, or aqueous 
vapour were observable. In this way was obtained an ethereal liquid 
of a pale yellow colour and syrupy consistency, which, when heated 
on a platinum plate, volatilized without leaving any carbonaceous ' 
residue. An attempt to distil it in cacuo was frustrated by the 
violence of the shocks. 

As u test of its purity, 2-6079 grammes of the substance weve 
boiled with 30 cubic centimetres of potaak Bo\a.\,\.cn. l^co-a'ujA-Kv'a^ 



78 



SPECIFIC ROTATORY POWER. 



0*06336 gramme KOH per cubic centimetre), and the excess of 
alkali titrated with dilute hydrochloric acid, of which 37'4 culric 
centimetres were equivalent to 50 cubic centimetres of the potash. 
For this purpose 5*6 cubic centimetres were required, so that the 
amount of KOH required to decompose the ether was 1*4262 grammes, 
corresponding to 2*6171 grammes ethyl tartrate, or 100*35 per cent. 
The specific gravity of the ether was 1*1989 at 20° Cent. The 
rotation was observed with the Mitscherlich's instrument : — 



Observatioii. 


L. 


Temp. 


a. 


Hd. 


I. 


99-92 millims. 


20-0° 


9-932 


8-291° 


II. 


49-82 „ 


20-3° 


4-974 


8-328° 



Mean : Md = 8*309°. 



(a.) Mixtures tcith Alcohol. 

Specific gravity of alcohol employed = 0*7962 at 20° Cent 
Three solutions were examined in the Mitscherlich, with a 
jacketed tube 219*90 millimetres long : — 



No. of 

Mixture. 


Tartrate of 
Ethyl 

P- 


Alcohol. 
9' 


d. 


c. 


a. 


Wd. 


I. 

II. 

III. 


77-9774 
35-7366 
22-3297 


1 

22-0226 ■ 1-08373 
64-2634 0-90892 
77-6703 ; 0-86337 

i 


84-5064 
32-4818 
19-2787 


16-316° 
6-870° 
4-174° 


8-780° 
9-618*' 
9-846° 



The specific rotation rises therefore slowly with successive addi- 
tions of alcohol, the law of variation taking the form of a slight curve 
departing but little from a straight line. The formula [a] ^= A-\-Bq 
gives — 

From Mixtures I. and II. A = 8-343 i? = + 0-019839 



)i 



>» 



ii 



if 



II. 
I. 



„ III. 
„ III. 



8-525 
8-358 



+ 0017006 
+ 0-019166 



Whence, taking the mean, 

[a]D = 8*409 + 0-018667^. 
Adopting the formula [a] = A -\- Bg + Cq^, we get 
[a]i> = 8*271 + 0*024216 (? - 0-000050648 (?'-. 
Thus the values for the constant A agree very nearly wi 
tation'iof tartrate of ethyl (8*31). 
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(b.) Mixtures with Wood-Spirit. 

Specific gravity of the pure wood-spirit at 20° Cent. = 0*80915. 
-Observations taken with the Wild's polariscope, with a jacketed tube 
219'79 millimetres in length : — 



No. of 
Jiixtore. 



I. 

n. 
III. 

IV. 
V. 



Tartrate of 
Ethyl 

P- 



77-4667 
66-6627 
39-9196 
26-9681 
16-3066 



Wood- 
Spirit 


d. 


e. 


22-6433 


1-08820 


84-2888 


43-3473 


1-00066 


66-6900 


60-0804 


0-93808 


37-4476 


73-0319 


0-89462 


24-1261 


84-6935 


0-85676 

< 


13-1139 



a. 



Wd- 



17-876° 


9-649° 


12-973° 


10-411° 


8-984° 


10-916° 


5-870° 


11-070° 


3-232° 


11-213° 



In this case also the increase of specific rotation experienced is 
fimall ; but the rate of increeise on the addition of successive quan- 
tities of wood-spirit is not uniform, being represented by a curve 
«trongly marked at first, but afterwards much less so. Mixtures 
I., III., V. give the equation 

Wd = 8-418 + 0-062466 q - 0-00034786 ^S 

in which constant A agrees fairly wclll with the specific rotation of 
pure ethyl tartrate. Taking only the more dilute solutions III., IV., 
"jV. into account, A = 10*25, showing at once a marked deviation 
irom the true value, 8*31. 



(c.) Mixtures with Water, 

Three mixtures were prepared, of which I. and III. wiere 
examined in the Wild's polariscope, with the 219*79 millimetre tube, 
and II. in Mitscherlich's instrument, with the 219*90 millimetre 
tube: — 



No. of 
Mixture. 


Tartrate of 
Ethyl 

P- 


Water 

30-3133 
60-1796 
86-1136 


d. 

1-15079 
1-08841 
1-02921 


c. 


a. 

24-678° 

19-271° 

7-916° 


1 

1 

1 


• ■ • 

I. 

n. 

lU. 


69-6867 
39-8206 
lir*8864 


80-1948 
43-3412 
14-2921 


; 14-001° 
: 20-220° 

1 

25-200° 



■ 

I 
■ 

H 

1 
1 

■ 


) SPECIFIC ROTATORY POWBR. ■ 

The rise in specific rotation here observed in ethyl tartrate 
e addition of increasing volumes of water, is almost proportional t 
e amounts added. Adopting, therefore, the formula [tt] = j4 + fli 
e have, 
Prom MiitutPB I. and II. A = 7(180 fl= + 0'20fli3 
II. „ III. = 8-6G4 = + O-1O203 
I. „ III. = 7-917 = + O-20O70 
d taking the means, 

[a]n = 8-090 + 0-20032^. 
The departure here shown by constant A from the epecifio rote 
on of pure ethyl tartrate (8-31) is explicable by the fact that wate 
uses a gradual decomposition of the substance, and thereby reduce 
e rotatory power. This effect was apparent in the marked d« 
■ease in the angles of rotation when the same solutions were agar 
served after standing for forty-eight hours. Solution I. noi 
owed a decrease of 0-028°, II. a decrease of 0-113°, and IIL 
■crease of 0166°. But even smaller differences would affect th 
[culation of the formnlre very considerably. 

Fig. 18 ia a graphic representation of the foregoing results. 
■mg. 18. 


L 




■ 


g 




1 








1 


1 




1 




f/M 






1 


1 




n 




wM 






1 


1 




1 




9 




■ 




■ 




HI 




The extent to which the observational results agree with il 
suits furnished by the interpolation formulae of the three sohi ■■■ 


\ 
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For Alodhol [a]o = 8-409 + 0018667 q 

Wood-Spirit [a]o = 8-418 + 0-062466 q - 0*00034786 q^ 
Water [o]d = 8-090 + 0-20032 q 

l| ahown in the table annexed : — 



*if 



>) 



>> 



SolveiLt. 


No. of 
Mixture. 

I. 

n. 
III. 

II. 

IV. 

I. 

II. 

111. 


22-0226 
64-2634 
77-6703 

43-3473 
730319 

30-3133 
601795 
86-1136 


Wd 
Observed. 

8-780° 
9-618° 
9-846° 

10-411° 
11-070° 

14-001° 
20-220° 
25-200° 


M 
Calculated. 

8-820° 
9-609° 
9-859° 

10-472° 
11-124° 

14-162° 
20-145° 
25-340° 


DifEerence. 


Alcohol < 


+ 0-040 
- 0-009 
+ 0-013 


Wood Spirit 1 


-f OOGl 

+ 0-Uo4 

1 


Water | 


+ 0-161 
- 0075 
+ 0-140 



Inferences. 

r- ■ § 34. The results of the investigations detailed in the previous 
may be stated as follows: — 
^■-1. The Bate of Change in the Specific Rotation of an Active Sub- 
», when progressively diluted with some Inactive Liquid y is gradual 
it, — The nature of the change, whether an increase or decrease, 
depend on the nature of the active substance : thus, oil of turpen- 
lUid ethyl tartrate, in whatever liquids dissolved, always exhibit 
I, whilst nicotine and camphor (for which see § 36), on the 
hand, exhibit a decrease in the amount of their specific rotation. 
IF, the rates of variation produced by increasing quantities of 
it solvents with the same active substance are very different, so 
Ibat if we represent them graphically we shall have a series of curves 
radiating from the common point which represents the rotation of the 
Ipare substance. 

. . Thus the more dilute any solution of an active substance, the more 
will its specific rotation differ from that of the absolute substance ; 
and the total amount of possible variation may be shown by putting 
in the interpolation-formula) the limiting values g = (absolute sub- 
stance), and g = 100 (maximum of dilution). Taking the substances 
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we have been investigating and applying this proceBa, we obtaid^l 
following results ;— ^M 


Antire Subrtanoe. 


Solvent. 


[»]d for 

Pure Substance 

5=0. 


Dilution 
4 = 100. 


Difiemi 




Left-h«iided 1 
OU of TuTpentine | 


Aloohd 
Benzene 
AoetioAeid 


36-9r 

36'flr 

36-88° 


38-79° 
39-79° 
40-72° 


+ 3-( 




Eight-handed I 
OO of Toipenliue ) 


JUoohol 


14-ir 


is-as" 


.... 




Niootine i 
(LiBvo-rotatoiy) j 


Aloohol 
Water 


160-83° 
161-29= 


188-69" 
7413° 


-Ml 

-87-: 




Tartrate of Ethyl j 


Alcohol S-2r 

Wood-Spirit 8't2' 

Water ^ S-09° 


io-ia° 

11-19° 
28-13° 


+ i-r. 




From this it will be seen that the amounts of variation of tin 
specific rotation of an active subetance differ widely for differen 
solvent media. 

2. The Truf Rotatory Power o/an Active Subslanee can be calculatt '" 
from ObsenatioHS on a Number o/its Soliitione. — The degree of exactitni!'' 
attainable varies for each substance, and is dependent on the follow ii- 
conditions : — (a) On the general extent of the variation produced 1. 
the inactive liquid upon the rotation of the substance. The larger ibt 
scale, the more unfavourable will be theelement3oftbecalculatioa(M 

^K tions on the increasing percentages of the solvent present, in accordan' 

^^1 more or less curved line, (e) Onthestrength of thesolutionsemploy 
^^1 The higher the degree of concentration, the greater the possible esaiii- 
^^M tnde of the calculation. The above examples show that where ll'< 
^^M formula [a] = A + B •{ applies, ibe constant A approximates with sulf ' 
^H oiont closeness {i.f., within a few tenths of a degree) to the true siKxi;.. 
^1 rotation of the ahsolut© substance even if the most concentrated soluti ■ 
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bains only about 50 per cent, of the active subatance. On the other 
I cases where it is necessary to use the formula [a]=A + Bq 
V q^, divergences of over 1° will occur whenever solutions coutatniug 
■ than about 80 per cent, of the active substance are employed. 
I 3. In calculating the True Specific Rotation of a Substance, the mme 
e is obtained, whatever Inactive Liquid may have been used as Solvent. 
Uecting the various values obtained for A in the substances we 
B already had under investigation, they appear as follows : — 

I. Lsft-handsd OU of Turpentine :— 
■ direct obaervatioc 

lated from mixtores vifJi Alouliol 







Divergence. 


[-. 


= 37-or 


— 


[-„ 


= 3B'97= 


- 0'04° 


[.. 


= 38'97° 


- 0-13° 


Hn 


= 36-H9° 


^ 0-12° 


H. 


= 14-15° 


_ 


[«]« 


= 14'17° 


+ 0-02° 


M= 


= lei'SS" 


_ 


W. 


= 160-83= 


- 0'72=' 


[«].. 


= ISl'SD" 


- O-SG" 


w. 


= 8-31° 


_ 


[-].> 


= 8-27° 


- O-Oi" 


H- 


= H-iT 


+ O'll" 


[»]n 


= 8'09" 


- 0-22" 



„ „ „ Acetic Acid . . 

n. Siffht-handal Oil of Tarpenliae :— 
ff direct obBervatiau 
lloulated from ndxtureB with. Alcohol 
in. JVieoiint (left-rotating-) ; — 

jf direct observation 

Icnlated from mixturea with Alooliol 
,, „ ,, „ Water 

rV. Elhyl tartrate {tight-rotating) :— 
B7 direct observation 
Calculated from mixtures -with Alcohol 

„ Wood-flpirit 
,, „ ,, Water 

The differences between the values are so small as to be clearly 
■within the limits of experimental error. 

4. In making Comparisons between Solid Bodies, in respect to their 
Rotatory Powers, only those Values should be used which hold good for 
the Absolute Substances, that is, only the Constants A. — If we employ 
the modified values obtained from solutions in inactive liquids, we 
shall find that any relations will become leas apparent the more dilute 
the solutions are from which the values have been derived. 

§ 35. The foregoing results point to the method to be employed 
in determining the true speciiic rotation of active solids. The most 
important point to bo observed in the process is the employment of 
the most concentrated solutions attainable, so that, since it is of no 
consequence otherwise what inactive liquid be employed as solvent, 
we ought to select that one which best satisfies this condition. 
Having fixed upon the proper liquid, we must then prepare at 
least three solutions of different strengths and ascertain their 
respective rotatory powers. If we now proceed to represent 
graphically the relation between the Viiluea obtaiuBd. foT s^e«Oa>;. 



84 SPECIFIC ROTATOHT POWER. 

rotation [o], and the percentage of solvent present q, we ahall 
either a straight line or a curve. In the former case, where the tl 
points, repreBentiog the three ohservationB, lie in a straight line, [i 
being simply proportional to q. the equation [a] = A + B q applie _ 
and the value of the constant A calculated from this equation, will b 
the specific rotation of the absolute substance. Should the middle oi 
of the three points, however, diverge to either side of the line joii 
the other two, we have then to deal with a curve, and in this cS 
mast proceed to extend our observations over a whole aeries of boU 
tione, so as to make the data for the construction of the curve as ft 
as possible, using some appropriate interpolation-formula ([0] = 
+ Bq + Cq-, or some other such) for calculation. Bj the grapl 
method alone, indeed, an approximate value for the specific rotal 
of the absolute substance may be anived at, by simply proloaf 
the straight or curved line so obtained till the abscissa 9 = 0. 

That values obtained by such extrapolations xavt&i be 
with caution is self-evident. For greater accuracy, we should 
omit to repeat the esperimerts with other solvents, and, bI 
the values obtained for constant A agree sufficiently well, the 
of the whole may then be taken as the true value of the specific 
rotation; if otherwise, the results should be rejected altogether. 

The imperfect solubility of many active substances is a serious 
obstacle tn the determination of their true specific rotation. As the 
foregoing experiments show, it is only in cases where solutions 
containing at least 60 per cent, of active substauoe can be prepared, 
and where the rotation- curve does not depart too considerably from a 
straight line, that anything like trustworthy numbers can be obtained; 
so that when we have to do with sparingly soluble bodies, we imh 
have no hope of arriving at any knowledge of the rotatory power; 
of the absolute 



§ 36, By the method above described, the author baa endeavouri , 
to determine the rotatory power of a solid substance, choosing for 'dv 
purpose common camphor. 

The camphor employed for this purpose was first purified i 
distillation from a retort with short, wide neck. In this way, on th ■ 
first application of hejit, oily drop.*, which did not solidify, separul^i 
out, and were put aside. The melting-point of the purified materiai 
was 175° Cent, the boiling-point 2U4" Cent. As solvents, a number 
»f liquids in the purest possible condition were employed, viz., iiceiic 
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setic ether, monochlor-acetic 


ether, benzene, di methyl-aniline, 1 


pirit, 


and alcohol. 


The observations 


were all made with the | 


'paiarisoope. 










mt. 


J 


In 100 i«rtB of 










Specific 


Ratatlim fer 

( = 2-1979 dcni 

at 30"= a. 


M»- 


Camphor 


Solyent 


( 


I. 


66-2519 


34-7481 


0-98983 


72-117° 


60-80r 


m 


n. 


397183 


60-2817 


1-01128 


41-653" 


17-181" 


{ 


III. 


1G'S819 


84-1181 


1-03389 


15-887'' 


44-02r 




I. 


63-72S0 


46-2740 


0-93269 


68-492° 


53-109° 


a«r 


n. 


3i'54a9 


66-4611 


0-S1987 


36-620° 


52-283° 




m. 


14-9231 


86-0770 


0-90686 


15-290° 


61-408° 




I. 


54-2184 


•15-7816 


1-04206 


6S-3B6° 


52-631" 


or- 


n. 


31-3990 


68-6010 


1-0867U 


S8-340'' 


51-123° 




in. 


14-2332 


86-7668 


1-12243 


! 7-643" 


49-901° 




I, 


83-1260 


36-8760 


0-93067 


63-575° 


49-236° 




u. 


49-6359 


SD-3641 


0-91920 


47-097" 


46-966° 




m. 


24-316D 


76-6831 


0-8BB10 


ao-esB" 


43-948'' 


















I. 


fi7-1519 


42-8481 


0-B6997 


69-633'' 


49-370° 




n. 


36-0438 


63-9672 


0-95914 


36-151° 


46-263° 


' ' 


m. 


16-1028 


84-8972 


0-95813 


13-708° 


43-101° 


/ 


.. 


4a-38EB 


60-6134 


0-88093 


46-840° 


48-99B° 


«. 


II. 


30-3154 


89-6846 


0-86318 


26-820° 


47-179'' 


i 


m. 


! I -2690 


88-7410 


0-82700 


9-382° 


15-844° 


( 


I. 


64-7281 


4B-27I9 


0-88021 


60-634° 


47-828° 




n. 


49-8142 


60-1858 


0-87191 


44-806° 


46-934° 












26-013° 
U-B40= 


44-901° . 
43-661° 




IV. 


160920 


84-9080 


0-81762 




"■ 


9-6883 


90-3117 


0-80943 


7-378= 


<2-806' 


aU t 


le 80 


utiona tb 


e specific 


rotation 


experienced a 


decrease 
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^-.^may be usecL With wood-spirit and alcohol^ on the contrary, the devia- 
tions from a straight line are too considerable, and in these cases the 






SolYent. 



CSalonlated 

from 

Solutiozi 



JMId 
Add 



Abstio 

mm 



o- / 
oiUor- 1 
■oelio 
BUftsr 



( 



BbnaOiylA 
aDiUne j 

Wood- 
■pmc 



Aloohdl 



la'] = A - Jiq 



I.uidll. 

iL„m. 
I. „ m. 



66-73 
6617 
66-68 



I.andn. 

iL „in. 
I. „ in. 



I.andn. 

n. „ m. 
I. „ in. 



I.andn. 

n. „ m. 
I. „ ni. 



I.andn. 

n. „ ni. 
I. „ in. 

I. 

n. 

m. 



I. 
in. 

V. 



66-11 
66-21 
66-14 

66-66 

66-77 
66-69 



Ji. 



01418 
01326 
01373 



Mean. 



i 



[o]d= 66-49 -01372^ 



004307 
0-04468 
004384 



66-46 
64-96 
66-21 



66-68 
66-92 
66-76 



0-06608 
0-06769 
0-06677 



0-1683 
0-1587 
01620 



0-1472 
0-1610 
0-1491 






J[o]D=66-16-0-04383y 



i 



[«]„ = 56-70 -0-06685 (7 






§ 
•43 

1 



I. 
II. 

ni. 



1 
I 



[o]d = 56-21 -0-1630 (7 



1 



[a]D=66-78-01491(7 






I. 

II. 

III. 

I. 

II. 

III. 

I. 

II. 

III. 

I. 

II. 

III. 



[a] HR 



Diff. 
from 



Calcu-'; [o] as 
lated. Ob- 
served 



[ajo =66-15-0-1749 <7 + 0-0006617^* 



[o]d = 54-38-.0-1614^ + 0-0003690^2<i 



II. 
IV. 



50-72 
47-22 
43-96 

53-12 
52-28 
61-41 

62-64 
61-12 
49-97 

49-19 
4700 
42-87 



49-40 
46-25 
4313 



47-21 
43-33 



-008 
+ 0-04 
-0-67 



+ 001 
000 
000 



+ 0-01 

000 

+ 0-01 



-0-05 
+ 0-03 
-0-08 



+ 003 
-0-01 
+ 003 



+ 0-28 
-0-33 



formula [a] =^ A + Bq + Cq^ must be taken as the basis of calcula- 
' tion. The table annexed shows (1) the values of constants A and B, 



iormiila [a] = A + 



Bo 42-879^ 

^^ gives [a]o = 54-83 - — ^ 



(7+ q 



231-82 + ^. 



calculated from the several solutions ; (2) the derived interpolat 
formulse obtained by putting iu the mean values ; (3) the specific rota- 
tion of the solutions employed calculated from these equations, and the 
difierences between these and the observed values, as given in 
preceding table (p. 85). 

Comparing now with each other the values for constant A derived 
from different solvents, we find an agreement which, in view of the 
large amount of extrapolation from 5 = onwards, varj'ing from 
to 50 per cent., most be regarded as very close, and the mean of their 
values may accordingly be taken as the true specific rotation of pure 
camphor. The values for constant £, on the contrary, exhibit vay 
marked variations. Calculating the specific rotation from the 
formula), by putting in limiting values q = and q = }0' 
obtain the following as the range ol' variation which the rotat 
power of camphor may undergo under the influence of vai 
inactive liquids employed as solvents. 



Solvent. 


pSS?™:. 


Infimte DUution. 


Total 

Varialiai. 


AoetioAoid .. 


56-fi= 


41 


8" 


13-r 


Acetic Ether . . 


55-2= 


50 


8° 


4-4'' 


MonocMor-acetioEther 


.55-7° 


49 


0= 


8-7° 


Benzene 


55-2= 


38 


9° 


I6-S° 


Dimetliyl-aniUne . . 


55-8° 


40 


9° 


H-9" 


Wood-apirit .. 


56-r 


46 


r 


10-S" 


Alcohol 


61-4° 


.,... 


12-S" 1 



Lastly, taking the mean of the values obtained for the pure sub- I 
stance, we have as the true specific rotation Aj, of camphor, at a 
temperature of 30° Cent., 

Aj, = 55-4°, 
with a mean variation of J; 04°. 



§ 37. In the same way the true rotation -constant of cane-sugur 
was determined by Tollens,^ and simultaneously by Schmitz,- wain 
being the only sojvent used. In the case of sugar, the specific rotaliun 

' Tollens : Ber. li. dcutsc/i. c/uim. Oeaell. 1877, 1403. 

^ Sclimitz: Idem., 1877, 1414; also, Zeilsch. d. Ver. fiir Itubenziwkeri 
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iiwreaaea with dilution, or, conversely, decreases with increase of con- 
contration, but the variations are small. ToUens examined seventeen 
solutions, of which the most concentrated, with 69-21-i4 per cent, by 
weight of sugar, gave a specific rotation [q]x) = 65-490°, and the most 
dilute with 3'8202 per cent., gave [ajp = 66'803°. From the experi- 
mental results were derived tbe following interpolation -formulae for 
tlic calculation of tbe specific rotation of any given solution, by 
putting in values for p, percentage of sugai', and q, percentage of 
water respectively : — 
[a) For strong Solutions, containing from 18 to fi9^er cent, of Sugar. 



I. 



[u]d = 66'386 + 0-0160S5P - 
11. [a]D = B3-904 -I- 0-064686 q - 0-0003986 qK 

{//) i^r teeak Solutions containing less than 18 per cent. 
III. [oJd = 66-810 - 0-015553;? - 0-000052462 p^. 

IV. [a]D = 64730 -I- 0-026045 J - 0-000052462 f=. 

Putting 7J = 100 in formula I., or 5 = in II., we obtain the 
specific rotation of anhydrous sugar, 

Aj, = 63-00°. 
Scbmitz esamined the following eight solutions : — 



^... <rf 


In 100 partBby 
Wfiig-ht of Bolntion. 


Sp. Gr. 

at 2(f Cent. 

d. 


ConofintrOi- 


Eotation, 
tt for 100 mm. 
at 20° Cent. 






ti'jii. 


Sugar 


'I- 


[aju. 




6-1-9775 


3S 


0226 


1-31660 


86-6432 


56-134° 


66 


620 


n. 


51-0643 


45 


0357 


1-26732 


69-1076 


45-633= 


65 


918 


m. 


39-0777 


60 


0223 


1-17664 


47-0392 


31-174° 


66 


27a 


IV. 


26-0019 


74 


!I031 


1-10367 


27-6938 


18-335° 


66 


441 


V. 


ie'9920 


83 


0074 


1-06777 


IS- 1442 


12-064'' 


66 


488 


VI. 


8-9997 


90 


0003 


1-03820 


10-3817 


6-912^ 


66 


674 


vn. 


4 9976 


95 


0026 


1-01787 


6-0868 


3-388° 


66 


609 


vni. 


1-9886 


98 


OOU 


1-00607 


2-0107 


1-343'' 


66 


802 



obser- 



Tbe equation with reference to q, derived from tbi 
vationa, stands — 

[ajn = 64- 156 + 0-051596 5 - 0-00028052 q'- ; 
Bccording to which, tbe rotation -const ant for pure sugar at a temperi 
~ I of 30° Cent, is 

Aa = 64-16° 
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which only diflers from that obtained by Tollens by 
Tollens^ has attempted, us Itiot:'' bad already done, to determini 
rotatory power of anhydrous sugar directly, by employing 
cast from the melted substance. In this way he obtained a 
considerably below that of the calculated specific rotation, riz,," 
[ajn = 46'9°. This is not surprising, as under the influence of 
heat sugar undergoes v^irious important changes, aa indicated by the 
assumption of a yellow coloration, as well as a strong reducing action ' 
on cupric salts. Even after solution in water, such a sugar exhibits a 
notably smaller rotatory power than before fusion, and the decrease 
is greater in proportion to the length of time during which it 
was kept fused (Hesse*). Probably, in such cases a formation of 
inactive glucose takes place. 

§ 38. The true specific rotation of right-handed glncose (grape- 
sugar) has been determined by Tollens^ both for the hydrate Cg HjjO, , 
+ Hj 0, and the anhydrous aubstanca 

In the subjoined table are given the solutions employed (witt 
jj per cent, by weight of glucose), along with the values of [fljn 
observed in each case, and side by side the values calculated &om tte 
interpolation -formulas! given below. 





Hydrate of Gluoose 


AjOi 


j-drouH Glucose 


No. 


c. 


H.jO, + K,0. 




C,H.,0,. 




Sdiation. 


P- 


Ob^Ld 
at 20" p. 


r„a« 


P- 


at 20° C. 


CalcSated. 


I. 


8 '4601 


48-60 




48-08= 


7-6819 


63-35= 


52-89° 


n. 


10'2216 


48-18 




48-12'' 


9-2924 


63 


00= 


62-M° 


m. 


10'3D83 


47-99 




48-13° 


9-3712 


62 


79° 


62-3t' 


rv. 


11 '0676 


48-20 




48-14° 


10-0614 


53 


02" 


52W 


V. 


11-6907 


48-16 




48-16" 


10-6279 


62 


97= 


mf 


VI. 


14-2469 


48-34 




48-23= 


12-9508 


63 


17° 


53-(t5' 


VII. 


20-4832 


48-66 




48-41'' 


18-6211 


53 


40= 


63-36° 


VIII. 


34-77S3 


48-76 




48-94° 


31-6139 


63 


64= 


ss-sa* 


IX. 


44'817fi 


49-4i 




49-40° 


40-7432 


54 


35= 


54-34' 


X. 


48-3870 


49-70 




49-69° 




64 


67= 


64-61' 


XI. 


63-7534 


49-68 




49-88° 


48-8667 


54 


62° 


54-8r 


XII. 


53-3354 


50-lS 




60-15*= 


53-0231 


56 


16° 


56-ir 


XIII. 


90-8722 


52-*6° 


52-64= 


82-6111 


57-70= 


67-80° 



• This trifling diffewnce is partly explained by Tollens having taken tie spei'ifi 
grOTity of tbe sugar Bolutiona at a tempertttnre of 176 Cent., wMlst Schniitz took i' 
20° Cent. The angles of rotation -were observed by both at a temperitui-e of 20° d.:.- 

' ToUens : Bei: der ieutsch. chem. GeseU. 1877, H13. 

' Biot : Mim. de VAcad. 13, 130. * Hease : Lwhig's Ann. 192, 167. 

' TdUens : £er. der deuUeh. chem. Qesell. 1876, 1531. 
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1 the molecular weights of Oj Hi,, Og + Hj O and 0^ B.^^ O,,, 
Bierefore, also the corresponding values oip for the two substances, 
fcthe ratio 198: 180, orU: 10, the specific rotation of the hydrate 
e anhydride must stand to each other in the inverse ratio 10 ; 11.) 
As will be seen, the specific rotation increases with increase of 
ncentration, or, conversely, decreases with increased dilution. Gla- 
thua exhibits a behaviour the reverse of that of cane-sugar. 
For glucose hydrate, the experimenta gave tho formula 

[aJD = 47925 + 0'015534;. + 0'0003883 /)- ; 
ith reference toy, the percentage of water present in the solution : 

[q]d = 53-363 - 0-093194 g + 0-0003883 g\ 
For anhydrous glucose, by raising the preceding values by one- 
1, we get the equations 

[o]d = 52-7] 8 + 0-017087 p + 0-0004271 p', 
[aJD = 58-698 - 0-10251 q + 0-0004271 q\ 
Xiaatly, from the foregoing formulse we get, as the true values of 
rotation-constants, 

for Cj Hi3 Oj + H„ O ^n = 53-36°, 

„ CflHigOj " Ao = 5870". 

g 39. Camphor, cane-sugar, and glucose' are the only solids, up to 
ie present time, the direct specific rotations of which have been 
Mcurately determined. Numerous investigations, indeed, have been 
published as to the variation of the specific rotation in a large number 
of substances, but the observers have, as a rule, employed only 
solntions containing small percentages of uetive substance, so 
that only a few points have been determined, and that at the 
:>uter end of the respective curves, where the variation of rotatory 
power is at its maximum. From results of this kind the value for 
4 cannot be determined. But, indeed, this were impossible at any rate, 
Tom the fact that neither the percentage composition by weight nor 
ie density of the solutions is stated, but merely their concentration, 
.p., the number of grammes of substance in 100 cubic centimetres. 

For the determination of individual valuesof [o] this is enough; 
mt, as before explained (| 25}, it is altogether insufficient for deter- 
ing the value of A. 

Nevertheless, in chemical writings we still find many specific 



of 



" Amiltseii (see J 1 9) iias detonnined toi tartaric acid the relation between specific 
n and poropntag^ of water, and hence dedtieed. the formula [0],,= 196 + 01303f, 
■hioh giTES the Tslne for the pure auhBtancB A^, =1'95. However, ob the nnml 
>lutioiui obserred was but mnoll, u TenfioatioQ of the constants given is desirable. 
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rotation-data based an the old vic^w that the value is constant, 
Bud may be obtaiued by observation of a single eolution of onj 
Optically -active substance. Accordingly, neitber the weight- 
centage of active substance nor the concentration is stated, and 
in most cases no reference is made to the ray with which the observa- 
tions were made. For example, in many text-books tlie specific 
rotation of tartaric acid is given briefly thus : [o] = + 9-6^ 
whereas, as we have seen from the table already given (§ 19), th 
specific rotation in solutions containing 10 to 90 per cent, of this suh- 
Btauce varies for the yellow ray D from 3'25° to 13'68° ; for the 
green ray b, from 1'08° to 16'40'' ; and for the blue ray e, as much as 
from — S-ol" to + 1864°. A^ain, we find the specific rotation of 
cane-sugar given as [a] := -f 73° to 74°, without mention of the fso^ 
that this is the value for the fransiiton tint, although for the ne 
bouring yellow ray D the value for solutions holding, say 25 
cent, of sugar, ia, as shown in § 37, only [ajn = 66'44°, and thi 
Talne ranges, moreover, for tlie same ray froiu 64° to 67°, accordill| 
to the degree of concentration of the solutions employed. That it 
of this sort, as remarked in § 23, are utterly worthless, must noir 
be obvious after what has been said. 

§ 40. The Specific Rotation exhibited by an Actite Stibstatice in * 
Solution of given Composition is Constant, and hence can be emplo^ 
as a Distinguishing Characteristic of the Subfttinc/; But that it may 
possess this value, it is indispensably necessary that, along with tbs 
value of [a], the following data should be stated: — 

1. The ray with which the observations have been made — the 
index- letter being placed after the bracket. 

2. The description of solvent used (as water, alcohol, &c. 
the case of the latter, either the per cent, composition or apei 
gravity being stated) . 

3. The proportion of active substance in 100 parts by weight of 
solution (per cent, composition jj), or else the number of grammes 
100 cubic centimetres of solution (the concentration c). 

4. The temperature /, of the solution when the angle of rotation 
was observed. The determination of the specific gravity of the 
solution, or the adjustment of the volume in a graduated measure, 
must be done at this same temperature. 

5. The direction of rotation (dextro-rotatory -|- , Iegvo- rota- 
tory — ). 
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These data may be recorded as follows : — 

Cane-sugar (solution in water, p = 16'993, ( = ^0°), [o]£, 
= + 66-49°. 

Ordinary camphor (eolutioii in alcohol of apeciiic gravity 0'7i)6, 
at20°,p = 15-09^, t = 30°), [a]D = + 43-66°. 

Santonin (solution in alcohol of 97 per cent, by volume, c = 2, 
I = 15"}, [ajn = - 174'0U. 

Quinine hydrate, C,_^ H^Na 0^ + 3 H, (solution in alcohol of 
80 per cent, by volume, r — 1, i = 15°}, 
[a]D = - 158-63° 
„ (solution in alcohol of 80 per cent, by volume, 

c = 6, ; = 15°), [a],, = - 114-9-J°. 
„ (solution in a mixture of 2 volumes chloro- 

form + 1 volume alcohol of 97 per cent, by 
volume, c= 5,i = 15°), [a]o = - 140-50°. 
In this way Jlesse' has estimated the specific rotation of a 
great number of optically-active substances dissolved tn different 
liquids, thus supplying data which, as constant marks of the several , 
substances, are of great value in determining the identity or purity 
of different preparations. 

In all cases it is advisable to record the per cent, composition p, 
rather than the concentration c of the solutions, and so to calculate 

tie specific rotation by the formula [a] = — '- , which, moreover, 

>' .(I .jj 
renders it necessary to determine the specific gravity of the solutions. 
The resulting values, at least in cases where several solutions have been 
observed, can then be used in determining the speciiic rotation of 
tlie absolute substance. This, as frequently already mentioned, is not 
the ease when only the concentration is determined by means of a 
graduated vessel, and the specific rotation calculated by the otherwise 

, r n a . 100 
more convenient lormula \a\ = ~— ■• 

§ 41. Molecular Eotttlioit. — Specific rotation [a] is frequently 
referred to by Biot under the name of molecular rotation, indicating, 
as observed (§ 10), that the rotatory power of liquids is a property 
resident in the molecules, 

' Hesee; Lieiis't A-n.176, 89, 1R9;178, 260; 182, 128. Hesee indioates the number 
of grunmiEB of active nubstance in 100 cubic oeutimetTes soludoii by 7, lb is, bowerer, 
maah better to employ e for this ptu-poae (auooetitratiDii) andlet p denote the trae per 
cent, composition (or number of pnrta by weigrht of active Bubstimoe in 100 parta by 
veight of ^Intiou) . 
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But this expression has been applied by Wilhelmy,' Hoppf 
Seyler,- and more recently by Krecke,'' to a different value, viz., W 
the number obtained by multiplying the specific rotation of any sub- 
stance into its molecular weight P. The values thus obtained 
inconveniently largo, Krecko has ' proposed to divide then 
formly by 100. The' molecular rotation [ilf] of a given substaooa 
then appears as 

PJo] 



.m = 



100 



which osprcsBos the angles of rotation produced by passage of the ray 
through layers 1 millimetre thick of substances when the unit- 
volumes contain the same number of molecules. 

It has been attempted, by means of this formula, to discover 
relations between an active substance and its derivatives in respect 
to rotatory power, and the existence of certain multiple relations hu 
been supposed to have been detected (Krecke,^ Landolt*), But tlie 
observations on which these comparisons were based were made, os 
was formerly the practice, with a single solution of each substante, 
whereas we have seen (§ 34) that the constant A of the pure sub-, 
stance should alone have been employed. Before, therefore, tbe 

■ hypothetical so-called law of multiple rotation is ripe for discussion 

^M a much more extensive series of experiments 



' Wilheimy : Fogf. Aan. 81, 627. 

= Hoppo-Seyler : loam, fiir pralct. Chem. [1], 89, 273. 

3 Kceoke: Joura. /ur prakl. Chan. [2] 5, 6. 

' Laaddt: Ser. dir diulieh. chim. Qmell. 1873. 10?3. 
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lOCESS OF DETERMINING SPECIFIC ROTATION. 



§ 43. In calculating specific rotations by the formulie given 
8S 20, 21, viz., 

I. (For liquids) [o] = i^^, 

[I. (For solutions) [a] = '"' ' ° , 
L.p.d 

n. ( „ „ ) W = ^. 

ie following data must be obtained by direct experiment : — 

1. The measurement of the angle of rotation a for a given ray. 

2. The measurement of the length of the experimental -tube, 
n millimetres. 

3. The weight p of active substance in 100 parts by weight 
if solution. 

4. The specific gravity d of the active liquid. 

5. The concentration c — i.e., the number of grammes of active 
iubstance in 100 cubic centimetres of solution. 

If the object of determining the specific rotation of a solu- 
tion of a solid substance, is merely to obtain a characteristic of its 
presence in solution, formula III., based on the knowledge of 
its concentration f, will sutEce. But if, on the contrary, it is 
liesired to ascertain the actual specific rotation of the substance 
itself, from observations on a number of different solutions, it is neces- 
sary (see § 25) to employ formula II., involving a knowledge of the 
percentage composition, and specific gravity of the several solutions. 



A. Determination of the Angle of Rotation. 

POLARISCOPIC AprARATUS. 

g 43. Apparatus for the Qua/Uaike Examination of RotaU 
Power, — To determine merely whether a given substance ia or 
not optically-active, and, if active, the direction in which il; 

Fif.-. 20. 

I 9^ t ' ,''^ f^! 



rotation takes place, the iDstroment here represented (Fig. 20'), wliieh I 
is delicate enough to detect even feeble degrees of rotatory pomr 
may he used.* 

A brass trough a b, of semi-circular section, fitted with a to^' 
c so as to form a tube, carries at the extremity a, in a fixed cu-'^i'. 
polarizing Nicol il. In, front of the latter is placed the conveji In 
e, and on the other side of the polarizer at /, a so-called A"'' 
double-plate, formed of two plates, one of dextro-i'otatory, the otlur 
of lasvo -rotatory quartz, fitted vertically together and ground to " I 
uniform thickness of either 3'75 or 75 millimetres. ] 

The opposite end of the brass tube holds the movable Nieol J, 1 

' [/ia given apparently out of proper tectiou, representing a front view, whilstlta I 
rest cpf the figure shown o longitudinal secliiiii. — I>,C.R.] 1 

■ The inetnuiient abown aboTe ia manufactured by F. Sohmidt and Hnen-i^ 

StaUschreiberstraBee 4, Berlin. lustrumeuts on the aame Dptical principle, bn: 

siiupler couHtruclicm [deaoribedby C. NeubauerinFreaeniuH' ZBii«r*r./H> aimlj/l. ('■ 

16, 213) intended for delermining grupe-Bugar in wine, bnt equally applicabli : 

^^jU Other aotivH subatanoea, are procurable frum tlio Optical Instrument Wurkii "l '' 

^^^^Htad Reuter, Hamburg v. d. Hiihe. 
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tsidea a small Galilean telescope, consisting of an object glass h, 
id an oculai' i. The Nico! is turned by tho handle k, which moves 
Duud the face of a small graduated disc /, so aa to allow the amount 
if rotation to be determined, at least approxiniately. The brass 
trough receives the glitsa lube p p (the ends of which may be 
closed by glass plates fixed with brass screw-capsj containing tho 
liquid to be examined. The whole rests on a stand o. As u, consider- 
able depth of liquid is requisite for the detection of feehlo rotatory 
power, the brass case ia so constructed as to take glass tubes 
■5 or 6 decimetres in length. It is to this, and the introduction 
of the Soleil double-plato, that tho sensitiveness of this instrument 
is due. 

In using the instrument, the glass tube is at first loft out whilst 
the extremity is directed towards a bright flame, for which pur- 
pose the gas-lamp, shown in Fig. '25, will be found best. The eye- 
piece of the telescope is then adjusted so that the vertical division 
of the double-plate appears sharply defined. By turning the analyzer 
J, a certain position will readily be found in which the two halves of 
tile field of vision exhibit a perfectly uniform purplish tint, which 
the least turn of the Nicol to the right or left changes, one half 
becoming red, the other blue. Further particulars of this so-called 
"mtfive tint will be given later on (§ 78) in speaking of the Soleil 
•atcharimeter. Having thus established perfect uniformity of colour 
in the two halves of the field of vision, with the index standing at the 
2ero-[)oint on the scale of the analyzer, the glass tube containing the 
liquid to be tested is laid in the trough, when its optical activity will 
St. once be declared by inequality of tint in the field of vision. To know 
whether tho rotation be right-handed or left-handed, it is requisite, 
iu the first place, to detcrraiue in the instrument, once for all, what 
leiative positions the red and blue take up when some substance of 
known rotatory power, such as a (dextro-rotatory) solution of cane- 
fiUgar, is inserted. If the .substance under examination shows the 
colours in the same relative order in which they are shown by the 
sugar, it likewise is dexti-o-rotatory ; if the positions are interchanged, 
it must be he vo- rotatory. Further, with dextro-rotatory substances 
uniformity of tint iu both halves of the field of vision is restored 
by turning the analyzer to the right, or in the direction of tho hands 
of a watch, and with la^vo -rotatory substances, to the left. The position 
of the index on the graduated disc of the analyzer shows the angle of 
rotation in each case. 



i)H PRorESS i»F DKTKRMIXING SPECIFIC ROTATION. 

Instead of thid Lnstnmieiit any of the forms of polariscope 
(lesoril»ed further on may be used. The advantage of the above 
instrument lies in its -sensitiveness an«l the facility with which with 
it the diroetiun of the rotation can be determined. 

ij 44. For the accunite measure ment of the angle of rotation, a 
variety of instruments have been devised, which may be divided into, 
two classes, according to their objects : — 

1. The so-called itoian'-^irobofneters, what in England are 
known as polariscopes, which indicate the amount of rotation 
in angular measure, and are applicable to all optically-actiye sub- 
stances. 

'J. The saccharimeters, which are specially intended for the 
analysis of solutions of cane-sugar, the angular measurement being 
replaced in them by an empirical scale. 



i 45. This simplest of all forms of polariscope consists, ns 
already stated '§ -3;, of a pair of ^icol prisms, placed one at each 
end of a brass or wooden rod or bar d, Fig. 21. The polarizer a is 
provided with a brass case, l>y means of which it can be turned if 
required, and then clamped with the small screw /». The circular 
movement of the analyzer b is effected with the handle c, the angle 
through which it is revolved being read off on a fixed graduated disc 
by means of opposite index arms, with or without verniers. The 

' [At this point s^^metlimg requires to be said as to the nomenclatuie of varioiM 
pjlarizing" instninK-nts. Tlie wt^nl poiuriseopfj commonly iLsed in English for any 
instrument the e?*senti:il parts ot whi<;h consist of a polarizer and analyzer, and wh^ 
may or may not be applit^uble i* >r shoi^nng the rotation phenomena with which thu 
work deals, htm no ■'ucli nmjjre of meanin;; in CJerman, as will be seen by reference t» 
the uHe of the won! in describiuir a special contrivance, the Savart polarLMX)pe fonniny 
part j>f the instrument described in ^^ 4"J. On the otlior hand, we have in English M 
word limited tfi describe what the Gernans call rather clumsily a pol^tristnhm^i 
and the French a polarimrtre, a polariscope that is of special form, suited to obeerve i» 
to m*ft*<nre the rotatorj- pt»wcr of substances. If we deemed it advisable to introduce u 
exprfssion for the purpos*', it scH.-ms that ** rotation polarimeter " woidd, as nearly W 
poMsiljlr-, n.'present thi; fji.mi.iu p<jlitri'«rrobnmeter ; but since the word polariscope bi' 
bcv/me >v) familiar to practical people it seemed better to retain it and make tw 
ledcfl explanjitioij.— Ti.C.R] 

* MitjichfrWoyi : Lfhrhm-h dt,- Chcu. \ Aufl. Rl. 3, 3C1 (1S44;. 
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iuation is in degrees, and the reading is taken ; 
hs. The experimental tube / is laid between the prisms, and 
lily has a length of 2 decimetres (7'6 in,). For increasing the 
inating power and giving a eircular field of vision, a small 
t lens Is inserted in the ease of the polarizer. 

Pig. 22. 




46. In using Mitscherlieh'a 

ment, it will ho found host 

iploy hoTDOgeneeus yellow 

light, thus deterininiug the 

of rotation for ray D. To 

a sodium. 3ame whieh shall 

some time, tlie lump,' shown 

. 22, may be used, whieh 

\ of a vertically adjustable 

I burner a, with a sheet-mt'tal 

jy, having a side aperture, b. In the movable pillar d is 

T\fii horizontally a small cross-bar, carrying at its extremity a 

ile of fine platinum wires, ai'ranged so as to form a small pointed 

c, the hollow being filled with well-dried common salt; the 

1.223, P08. TliiM lamp may lie •ilitaiiwdoISiA\™i.'\'L 
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spoon 18 moved forward to the front edge of the fiamc, and tho 
fusing and running to the point, volatilizes, and produces an intense 
yellow colour- Or the stem d may be provided with a small brass 
revolving collar, having several arms with holes, into which can be 
fitted platinum wires with bettda of salt fused on. When one bead 
is consumed the next arm is brought round to the flume, and so on, 
Instead of common salt calcined soda may be used, but this, whilst 
volatilizing more slowly, has less illuminating power. 

In making observations, the instrument should be set up at a 
distance of an inch or so from the flame, and a black screen placw 
behind the latter, so as to shut off extraneous light. The romi 
should be darkened too, at least partially, as the observations in 
general are more satisfactory tho darker the place is. The wro- 
point must first be determined For this purpose the tube tf 
put in its place either empty or filled with water, and the analyw^ 
Pig. 23. set to the position of greatest darkness. If the circnlar ■ 
field of vision is at all large, there will not be perfect 1 
obscuration over the whole, but merely a vertical ia'!^ 
band, getting lighter towards the sides, as in Fig. ^'s 
and this baud must be braught, by backward and foi- 
ward motions of the analyzer, as nearly as possible into the midilt 
of tho field. Repeating the adjustment several times, and taking 
the mean of the readings on the disc, we get the true zero-pint 
of the instrument. To make the zero of the scale agree, at least 
appi'oximately, therewith, we set the index against the mark, loosen 
the clamp c (Fig. 21), and rotate the polarizer until the darl; 
band appears in tho middle. Usually this correction is made bj the 
instrument-maker himself. As before stated {§§ 4 and 5), there iire 
two positions, 180° apart, at which the analyzing prism gives maxi- 
mum darkness, and the zero-point of the second, which must he 
somewhere about 180" on the scale, should similarly be accurately 
determined by a few observations. ' 

If the tube, filled with active liquid, be now laid in the instru- 
ment, the analyzer having been previously set to zero, the field of 
vision will again appear bright, and in order to restore the black bawl 
it will be necessary to rotate the analyzer to the right in the case of a 
dextro-rotatory substance — that is, in the direction of the hands of a 
■atch — and in the opposite direction, to tlio left, when the substance 
is Isevo-rotatory. The same order of phenomena will be observed if 



■ watch 

^L is Isev 



DETERMINATION OF THE ANGLE OF ROTATION. 



101 



Fig. 24. 




we start from a position 180° from the first. In case, however, we 
do not know beforehand the direction of rotation peculiar to the sub- 
stance, the following considerations must be borne in mind : — Sup- 
pose that the piano of polarization, having originally the direction 
AB (Fig. 24), is diverted to C D (at an angle of 30"^ from AB) 
by passing through an optically-active medium, the dark band 

will then appear when the index stands at 
30° or 210°, and the substance may either 
be dextro-rotatory, 30°, or laovo-rotatory, 
360° - 210° = 150°. In most cases the side 
on which the smaller amount of deviation 
occurs is the true direction of the rota- 
tion. We cannot, indeed, be so guided when 
the smaller of the two angles exceeds 90°, 
which, however, only happens with sub- 
stances having very high rotatory power, or 
in using tubes more than 2 decimetres in 
length. In these cases, the question can easily be decided by examining 
the liquid in a tube only half the length of that originally used, 
or by diluting the solution to half its strength. The deviation 
should then be only half of the original amount, and it is thus easy 
to discover which is the direction in which this holds. If, foi 
example, darkness now occurs when the analyzer lies in the direction 
E F- — that is, at 15° and 195° — the decrease shows the rotation 
to be dextro-rotatory, since the position measured for lacvo-rotatory 
power would indicate an increase of rotation from 150° to 105°, 
which is absurd. 

It is well to take observations on the filled tube at both positions, 
180° degrees apart, as, owing to defective construction, the Nicol 
prisms may be somewhat eccentric, causing the observed angles to 
difier appreciably from .each other. Any such source of error is 
accordingly eliminated by taking the mean of the two readings. 
Mitscherlich's instruments frequently have two opposite index arms, 
but as with fairly good graduation the difibrence between their read- 
ings does not amount to -i\,th degree, it is generally sufficient to use 
one. The difierences between the angles in successive observations 
usually amoujLt to several tenths of a degree, and the accuracy of the 
final result will, of course, be greater in proportion as the observa- 
tions are more numerous. As an example we may give the following 
results : — 
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Instead of the sodium flame, monochromatic light, obtalnedl 
placing a red glass slide in front of an ordinary gas lamp, was v 
by Hiotand Mitschorlich, But in this way obaenation is rendei! 
much more difficult through defect of brilliancy, besides which, tieq 
light so produced does not correspond to any one distinct ray (see p. 4 

§ 47. When white day or lamp-light is used with Mitscherlich's 
instrument, the angle of rotation observed is that for mean yellow raysj 
already stated {i IS), is denoted by a^. For thia purpose 
pi,, qg the most suitable form is a gas or petroleum 

lamp, fitted outside ita glass chimney with a 
metal sci-een coated inside with white porce- 
lain, and having a aide opening (see Fig. 25}. 

When with an empty tube placed in ili'' 
instrument the analyzer is set to zero then 
appears, exactly as with the sodium flamu, it 
dark band with fainter margins, which, w 
before, must be brought into the middle of tliu 
field of vision. If the active liquid is now 
placed in the tube, the different coloured rays 
composing tliis white light will experience 
different degrees of rotation, so that we shall 
have the phenomenon of rotatory dispersion. 
And here we may have two cases : — 

1. When ihe liquid possesses feeble rotatory 

power and the dispersion is therefore trifling, 

r the dark band may be made to reappear with 

ind red on the other. Kow, if the 

and the red to hia right 

'YTsd, it is Itevo-rotatory ; 





by turning the analyze 

a border of blue on i 

blue border is to the loft of the observer 

t]ie substance is dextro-rotatory ; if vke 
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PtMs independently ccltogether of whether the proper position has 
en found by turning the analyzer to the right or to the left. It 
to be observed, however, that when a Mitachorlich instrument is 
ovided with any kind of Galilean telescope, the foregoing conditions 
e revereed. The position of the dark band indicates the point of 
.tinction of the yellow rays, 

2. "When, on the other hand, the rotatory power of the active 
jnid is high, the dark band appears broad and undefined, or else 
mnot be brought back by any movement of the analyzer at all. By 
irning' the latter wc get merelj' a suuceasion of colours, produced by 
Qe analyzer extinguishing, according to the position of its principal 
eotion, certain of the unequally -rota ted coloured rays, and allowing 
ie rest to pass on with dtlferent intensities, thus producing a succes- 
lioQ of colour-mixtures. With solutioni in which the angle of 
■elation for any ray is less than 90°, the sequence of coloured tinf«, 
'hen the analyzer is turned from the initial zero-point, is as 
ollows: — 
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B a point of reference for the analyzer, that position is chosen 
o the transition from blue to red stands exactly in the middle of 
le field of vision. This being the point of extinction of the yellow 
lys, the observed angles will be oj. 

With substances of still higher rotatory and dispersive powers, 
termediale tints make their appearance ; for example, between the 
ne and the red a reddish- violet, which, on the least touch of the 
aiyzer, passes into one or the other. This is known as the sensitive 
trmmition tint, and appears when the position of the analyzing 
col is exactly such as to bar the passage of the mean yellow 
This position also gives the angle a^. 

r the relation between the angles of rotation Oj and a„ see % 18. 
pbaervations taken with white light cannot be made so exactly 
B with the sodium flame ; the former light is therefore only 
i when the latter is not available. 
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§48. MifscfierNch'n larger Inxl rumen t for Observations at Can 
Temperature. — In exact reaearchea it is requiaite, as already el 
(g 23), that the temperature should not only be known, but bed 
staot during the period of observation. This can only be effected 
surrounding the tube with water. Moreover, in examining subeta 
of feeble rotatory power, it is necessarj' to employ tubes of consifl 
able length, sometimes a whole metre long, to obtain rotation-ana 
of aufficient magnitude. -Fig- 2G represents an instrument fulfil 
these conditions, construuttd at the works of Dr. Meyerstein,! 

Fi(.'. 26. 




Gotnge I o _ ot theloljtechn 

School at Aachen. 

Starting from the end next the light, the instrument consista of 
the following parfs, resting loosely upon a frame formed of two 
strong iron bars QQ: — 

1. A fixed tube .4, containing the polarizing Nicol, a convex lens 
of long focus, and a diaphragm with a square aperture of 5 milli- 
metroa side. Afiised to the same support as the tube is a circular 
dark screen, a, to shut off extraneous light. 

3. A glass bottle with parallel walls i?,' filled with bichromaW 

I May hp obtained of Dr. J. G. Hnfniann, 1\>, Rue BertranJ, PhHs. 
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^^■iaah solution, the object of which is to fi'ce the transmitted 
^^^1 rays from any admixture of blue or gi'cen light. This is 
^^Btant iu the case of solutiona of high dispersive power, as, with- 
^^K other tiut-s make their appearance when the Nicols are crossed, 
^^^Bterfere with the sharp recognition of the dark band. 
^^B. A sheet-metal case, C C, through which the solution tube 
^^B, the ends passing water-tight through india-rubber corks. The 
^^^Bq Fig. 36 is one metre long; shorter tubes, of course, need 
^^Bof proportionate length. The case is filled with water, which 
^Hken raised to the desired temperature, uawally 20" Cent., by 
^Hpg about in it a hot bar, K. For higher temperatures a Bunsen 
^^B with a row of burners, J J, must be used. 

^^p4. A support, D, carrying a tube containing the analyzing Nicol, 
^^Bi, together with the graduated disc attached to it, is susceptible 
^^Bvemcnt round a common axis. This movement is communicated 
^^fte screw 0, working in the toothed rim of the disc E. A small 
^^Kan telescope, F, is fitted to the tube, the eye-piece of which 
^H| be so adjusted that the aperture in the diaphragm of the 
Btarizer appears sharply defined. The support also carries two 
Bed verniers, and the divisions can be read off by the light of a 
ttnall gas-jet, II. 

The sodium flume for the observations is obtained by means of 
tie blow-pipe L, arranged vertically with chimney, M, over it, and 
lionnected by means of india-rubber tubing with the hollows P. Over 
t he nozzle of the burner, and projecting from the support JV, is fixed 
u. ring of platinum wire, which, when dipped in fused soda, imparts 
t«j the whole mass of flame an intense yellow, thus producing a strong 
light, essential for observations with great lengths of liquid, since 
tie slightest opacity will, in such cases, often obscui'e the field so 
»*iucli as entirely to frustrate the experiment. 

The rotation- angles are determined in the same way as with 
^Jitschei'lich's smaller instrument The analyzer is turned, by means 
of the milled head 6, until the dark band appears exactly in the 
'"niddle of the field of vision formed by the square aperture of the 
<iiaphragm,or, in ot^er words, until the light spaces on each side of the 
durk band appear of equal width. The tube is first introduced empty, 
!ind the two zero-points determined, after which it is filled with the 
Uitive liquid, the metal case being turned up on one end for the pur- 
Iiose. When shorter tubes are used, the intervention of extraneous 
'ight must be prevented by enclosing the course of the rays after they 
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leave the tube with a paste-boatril.' cylinder, always taking car 
have the polarizer and analyzer properly placed at the ends, 
supports A and D can be slid along and screwed to the cross-] 
in other positions as required. 

In all exact observations it is necessary to determine the z 
point afresh with each observation, as changes in the temperatui 
the place as well as diflTerences of tension in the metallic screw-jc 
have an appreciable aflTect on the readings. 

The following values, obtained with a 10 per cent, solutic 
cane-sugar, are given as a working example : — The zero-points ' 
found at about 20° and 200° on the right and left sides respecti 
of 0° and 180°. The vernier could be read accurately to 01° 
approximately to 0-01°. The temperature of the solution was 20° ( 
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•66° 
-40° 
-60° 
•40° 

20-457° 



3ir55° 
•65° 
•72° 
•78° 
•60° 
•65° 
•55° 
•70° 
•80° 
•77° 



3ir677 



»"0 



^ /^ 



68-780'= 



Half -circle '. 



Empty 
Tube. 



200-60° 
•40° 
•42° 
•50° 
•66° 
•57° 
•40° 
•43° 
•60° 
•60° 



200-607 



•ro 



Fi 

Tul 

131 



131' 



68-722= 



68-751° 
For 1 decim. a = 6^871° 
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(b.) Wild's Po/anirojjc. 
9. The polariscope invented by Wild' in 1864, whicb has 
largely into use, affords results considerably more 
; than t.huse obtained by the apparatus of Mitscherlich. 




jTcity cou^i^i- ,;i liji ii.;ri'Lli;cii(-ii oi a Sarart -prism ^ hetwsen 
olarizer and analyzer (the i'ormer ot which Las the rotatory move- 
), whereby a number of parallel interference -bands are brought 
the field of Tiaioa, which vanish in certain positions of the 
izer. These positions, which can be determined with great 
nej', furnish the reference marks of tbe instrument. A sodium 
s used us the source of light. 

' H. Wild : Ueier eiii iituct J\iliiriilriiiB>iiikr. Beiiif, !a(J5. 
' ['' Savitrl'achit Palar'uitup" sen luotuotu, page US.'-D.C.it.] 
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The deluila of the instrument, as conEtructeil by HerniaE:i ^ 
Pfiater, mechanicians, Bcrne,^ are ahown in Figs. 27 and .'■■ 
same parts being indicated in Fig. 27 by small and in Fig. - 
large letters. 

A metal stand X, Fig. 28, supports a brass cradle Y, wiiiii 
capable of vertical and horizontal movement, end carries at its i 
tremitiea the polarizing and analyzing arrangements of the instrume 
Entering at n, Fig. 27, into the dark chamber 6, the light pu 
through a circular diaphragm c (10 millimetres in diameter), tl 
reaching the Nicol d. The latter ia fixed to the graduated dia 
with which it turns on a common axis. Thence, the polarized i 
al'ter traversing the solution tube f, passes on to the analyzer. H 
it meets, first, the so callud &'ira/( polarUcope, a prism g, composa 
two plates of calc-spar 3 millimetiea thick, cut at an angle of 45' 
their optic axes, and cemented together with their principal secti 
crossing each other at right anodes. To this succeed two lenses form 
a telescope of low power (about 5 times), the one, h, having a fi 
length of 120 millimetres, the other, /, of infinite length. Uetween 
two, and in the focus of the objective h, is a circular diaphragm, k 
about 4 millimetres diameter, provided with cross- threads. Lai 
comes the Nicol prism /, fixed with its principal section horizon 
The latter will therefore form an angle of 45° with the principal i 
tioha of the double-plate g. That this relative position of the pan 
and I may remain unaltered, the draw-tube, containing the Jlicol i 
the lens i, is furnished with a guide-pin. The whole front part is se 
the tube Z, which projects from the arm Y, and which allows it o 
a small movement about its own axis. For this purpose the tub 
provided with u slot and adjusting screws m m, which clamp a p 
jeetion on the inner tube. The object of the arrangement is 
fixing the zero-point. Lastlyj at n is placed a circular screen toebl 
the observer's eyes from extraneous light. The mode of effecli 
rotation of the polarizing Nicol is as follows :~The circular disc s 
the Nicol move in a piece within a fixed ring projecting frniv ' 
arm Y. The disc is provided ou the side next the observer ii 
toothed wheel driven by the pinion o, worked by the rod <j. 
milled-head jj. The graduation is close to the edge of the di.-i , 
in front of it is a fixed vernier or simply an index arm r. To v .-. 
the divisions a telescope, s, is used, consisting; of the movabli 



DETEKMIXATIOX OF THE AKGl.F, OV KflTVI'lON. 109 

! t and objective «, and having at the farther eiid, v, an inclined 
klUc reflector witli round hole in the centre, by means of which 
ight from a siuiill gue-flaine on u movable arm re, is thrown upon 
reraier. In conclusion, it should be stated that the instrument 
snerallj constructed for tubes 2:^0 millimetres (Hti in.) long.' 




' SiiDuld the imitFimienti lie wonted for ^neral Htientiliti work aod iiot merely aa 
'charimcter, it in ncccHHsry to take care thut the dine lie gTadiiatt>d all round, and ui 



lilt 
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HUml . 



. Vhz. >■«'- 



•; 50 That 1 1* * "l^i'^s may posaess a fixed tempemmre maina 
P t '■hoi'Xp*-''''''"*''''*^' ""'"' -■^"'™s ""o ^^ laid in i -TOtH^ 

\his •inri-""**'* *' ■' ^"^''-""'^ ■" ■* metal jacket <rf ..--jiiiii 
illiim'.'U'r, -'"* ■'■" ■" iil'>''' ■' I'urrcnc of water ~n doiv 'jh 
iT. I'i' '"^ ■ ^'■' '■"™pl'^"^ .trranijement ki rhe appt 

Tl ■ iii-trmU'-''^^ '* '^^ 'P "ppoaiie ;i Runsen lamp B. whkk 

■oniiuoil ■'^it. -rivps -ho sodium tiame ' or the kmp s 

uav "^ "''^1^ instead I. The outer case ot' the ti 

■ 1 . 1 -nU t«'" ~^*^'"' V*'-'*-''^- "* '^hich rhe lowermost is i:onEect 

''"i M.-r ■(li'i'i-' ^- '■"^'i •''"-' reservoir J, while the L'tiiet 

"" ". " s ui ..HitK>«'-:''r'-"- -^ "^'^'■'' '>!enin^, E, is ibr the in* 

„.rvi«.->^ ,„„„.u'r ■■u -'i*-' 'Tator us it flo\¥a through. The 

I „^iiiiir ■»'"" I ';»il ■ron -land, ia provided with i * 

^ |^,„j,,.d in laniK-l "o i^irevcni loss of heat. One o 

(>'. ■'i"f''*' '*' -iii-iicate rhe temperature of the i 

!'"'',,'l'iv'm.".'''^'""''' " ■-'" ■ '•>'.■■""" '"■ ""■■ '""P ^- Tt' " 
. ,^. .iin'ii::ii rhi' mv lor Libout twentr miaates bet'ot 
nf '.n-i:""' '■'>'' ■'tn'am beini^ interrupted durina ohs 
I ii,- - !i.-f'ii>'""''^'^ " '"•"'■ n^main steady throughout. T! 
ii..iii.t '■•^- *>'' "r :ni'iarkoued room : the gas-jet requm 
,^_ rr.MU\ix hi' ■it'ale U L'otivruiled by the stop-co 

\; AT is ri'tiresented a short (100 millin; 
■, pi'ov:,i,",i with a junction- piece to alli 
n-iiTUou it» rhe instrument. 



.M.>' 




^51. 



,»,..: 



I'.i i'arn,",na out observations a 
i>rder to lix the zero- point 



I'll ind rile oye-piet-'e drawn oat, so th: 
..i-.'s.-*-tlirf:i.ls appear sharply detined. The f 
I ^111^ N^'i'l mu-t then be turned bv meai 
,1... iiiill.a-lu'a.l. p. b>7. Fi-. ■■:. tmtil i numl 
ptindh'l d.irk baii.is or frin^res make their ap 
Hni-i'in iho ticU of vision (Fig. oiJ.'O. As then 

,11,1 III «.«i'iiiM>lmiil'«viit.*. 'l'1ii'iJV>(niiiii'nl«inii<lebyHtnn;miiaQi.lPfisterlin 
.. ^ iliviilnl U' ulii' tlii»l ''f " 'Wnv t'irt mimito*),anil Mtht-ra vemier to jrive re 
- ,niiiiiu-s, 111' I'lai' " "iiHl'l'" iii'U'X-jn'int irhich mif!i(*i' ti) roall to the iiamc a 
' riixiu"'''''?' '''"' li'l''"'*^'!'*''' """li' by Dr. IIirfmHiin, uf ParU, read to 
''iuut!"*. ll woalil lio u«ii\- iMHvnii.>nt if the iU\-i»UDH im tlio waUs »-tte not r 
,,vV iliiiiuiili "( 11 ili>ijn.'U ("* {li}i\ tu> it iw alwayn iu t' " 'luit Hw n.tuli.-ii 

|- iuiUvii KulwUiiii't-M w i'»l>rrj!Wtl. Iu n^adin;,' iw has to uhutc 

.dim^ili iif It ihiitvu l>y diviilbij; Vy 0-6. 
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intinues these become fainter, until at last a position is reached 

icl\ a luiniiious apace, devoid of lines, occupies the field. By a 

moTGmeut of the milled-head to and fro this luminous space 

lught, as nearly as possible, into the miildle of the field of 

that the remains of the fringes appear to stand at equal 

icea to the right and left of the cross-threads (see Fig. 30, b). 

position serves as reference-point for the angular measurement. 

S the Nicol be turned further, the dark lines will grow darker till 

attain a certain inasimura intensity, then become fainter again, 

again vanish ; these maxima recurring at intervals of 90° in the 

rse of a complete revolution.' Generally the dark lines exhibit 

ertain peculiarities of form in each position which can be recognized.^ 

Their disappearance indicates positions of the movable Nicol, in 

'hicli its principal section either coincides with, or is perpendicular 

) the plane of the principal section of the first of the cnlc-spar plates 

'the Savart, while they occur with maximum intensity when these 

' Foe the theory of theae interfprenoe-bands, sba Wild, FolarUtroiiimetey, BeniB, 
865 ; or "Wiillncr, Zehrbtich der Phi/sih; 3 Auft, Bd. 2, 604. 

* In manyWild'spuloriBcopea the luminous space ia tnu wide to allow any remaiaB 

t the dark lineB to show an tho right and left of it. Some other reference position 

ut then be chosen. Perhaps the beat method ia when the dark lines hare nearly 

ased out of the Held to fix the eye on one dde oE the field of vision, say, the nght, 

d contdnuB turning the analyser slowly until the last traces of the liuea disappear at 

tt Mde. This position will necBBsarily be the aams in evsry observation — that ia to 

Jjisy, the milled-head p will always have communicated to the pohiriaer precisely tho 

■inif amount of adjustment in each case. The oroaa-threada are not raqoired here. 

' i*h many people, however, this method does not afford the same amount of accuracy 

iv bringing the fringea into u position at equal distances from the cruBS-lhreads on 

■l.:.ide. 

Tuthe ease of an instrument in which the Itmiioons apane ia too wide, Tollens [Ber. 

■/■iitic/t. elitm. Qeiell. ^0, 140o) adopts the plan of Loosening the adjustment -acre wa 

III turning the ooidttT draw-tube, containing the stationary NiooU, Fig. 27, through an 

ii^'leof 20" to iff" on its own axis. In tlda way tho phenomena presented by a cnm- 

I'hiU.' revolution of the analyzer are altered, the field becoming more or less darkened 

rtt two points ISB" apnrt, and acquiring at two intermediate points a nmiimum 

iimiinosity. The dark lines vauiah at each position as before, but while in the 

illumined quudmnta the Luminous space ia now broader, in the darkened qaudmnts It 

ip iiiirrower than before. The former positions are entirely unauitable fur purposes 

■i( ulisorvation ; but the two latter permit of a very sharp adjustment of tho fringes 

iu regard to the cross-threads. The observations must then be made in these two 

ilHwli'mitsonly. See, also, TdileaB(Jlsr. der dcutsch.e Acta. Getell 11, ISOIJ 

Some ijiatniments are so constructed that the interference- bands appear vertical, in 
which case the oroaH-threads are placed horizontally. 

In Wild's instrumenta, should other lines appear crossilig' the field of vision 
'ililiiiuely, it is a sign that the principal sections of tho two talc-spar pUtes of the 
-'^il\1ll't are nut truly perpendionlar to each other, and tho inRtrummt should be 
iil.uraed to the maker for roadjiihtmeut. 
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two planes form angles of 45°. The parts are generally so reguLiti 
by the maker that the position of the index, at the absorption-poiM 
is approximately at the readinga 0° 90°, 180°, 270° on the sea 
admitting, liowcver, of a certain amount of udjiistment by meuius 
the screws m m. Fig. 27. 

If the Nicol is set to one of the four zero-points, and the emp^ 
tube replaced by one tilled with Bome optically- active liquid, tl 
interference-banda reappear. In its passage through the actii 
medium the plane of polarization of the transmitted ray is madet 
rotate through a certain angle, and to restore it to a position eithf 
parallel or perpendicular to the principal section of the first call 
spar plate of the Suvart, the Nicol must be tnrncd in the opposilB 
direction to that in which the rotation has taken place, wheatbi 
fringes will a gain disappear. The graduated disc must therefore be tuma 
to the left if the substance ia dextro-rotatory, and to the right if Itevi 
rotatory. But, as regards the movement of the milled-head Pp, Fig 
2S and 27, inasmuch as a change of direction is involved in tl 
wheel-and- pinion movement, the direction in which the milled-heai 
is turned must be t/ie same as that of the rotation. When, as usualli 
happens, the graduation follows the same direction as the figures 
a watch-dial, the readings for a dextro-rotatory substance will bo 
greater, and for a ItEvo- rotatory substance less than the numbei 
on the disc at the zero-point. 

§ 52. If the direction of the rotatorypowcr of an active liquidbf 
unknown, it will be best to begin observations with a weak aolutii 
in the tube, so as to get a feeble amount of rotation. It will then 
easy to see whether the direction is to the right or the left of the 
zero-point. On the contrary, when the retation is considerabli 
doubt may remain as to the direction, in the same way as with Mitscher- 
lich'a instrument (§ 46). For instance, let the four zero-points be 

0° 90° 180° 270° 

and after the insertion of the tube with its liquid, the vanishiDJ 
pomts of the dark lines, 

yO° 120° 

Here the medium may be, as shown 
rotatory with an angle of '60°, i 
of 60°. 

To decide the questii 



1 shorter tube, or a more dilute solution. 



310° 300° 

in Figs. 31 and 32, cither dextro- 
r Irevo-rotatory' with an angle 

md observation is necessary with 



If the length of tube of 



JJETEBMlKATinS OF THK ANGLE OF ROTATION. 113 

gth of the solution be half that m the former experiment, 
n also the angle of rotation will be the half ouly of that first 
lerved. The vanishing points of the dark lines wiU then appear 
her at 

15° 105^ 195" 285°, 

in Fig. 34, in which case the substance is dextro-rotatory, or at 

(-.0° 150" 240=^ 330°, 

in Fig. ?/i, when it is Isdvo- rotator v. 

Fig. 31- Fie. 32' 





Accordingly, if observations with the shorter tube or weaker 
ilution give lower readings than the original, the rotation is right- 
anded, whilst if the readings are higher than at first, the rotation 
1 left-handed. The conditions arc, of course, reversed when the 
Taduation of the instrument is towards the left. 

§ 53. In examining solutions of very high rotatory power it 
lay happen that the angle of rotation exceeds 90°, so that the read- 
ngs are always found in the quadrant beyond. In such cases, to 
void error, tbe observations should be made with two tubes «f 



114 



PROCESS OF DETERMINING SPECIFIC BOTATION. 



different lengths. For example, the following were, in round ni 
bers, the values obtained with la)vo-rotatory nicotine, in a 
millimetre tube: — 



Quad. I. 
Empty tube 90° 

Full „ 18° 

Angle of rotation 72° 



Quad. II. 

180° 
108° 

" 72° 



Quad. III. 

270° 
198° 



Quad 
360' 
288° 



72° 



72" 
del 



Apparently, therefore, a layer of nicotine 100 millimetres in 
rotates through an angle of 72°. A second observation was 
taken with a tube 60 millimetres long, when the following r 
were obtained : — 

Quad. I. Quad. II. Quad. III. Quad. 
Empty Tube 90° 180° 270° 360° 

Full „ 9^ _99^ 189^ 279° 

Angle of rotation 81° 81° 81° 81° 

Here the angle, instead of being reduced to half, as we should e 
is larger even than that given by twice the thickness of medium. 
50 millimetres of nicotine rotate through 81°, 100 millimetres shoi 
rotate through 162°. Now this is found to be the case when the 
point of the observations with a tube of the last-named length i 
moved a quadrant to the right. We then get : — 

Quad. Quad. Quad. Quad. 
Empty Tube II. 180° III. 270° IV. ?60° I. 90° 
FuU „ I. 18° II. 108° III. 198 ° IV. + 72°(=360-2 

Angle of rotation 162° 162° 162° 162° 

The foregoing conditions are shown in Figs. 35 and 36, the former 



Fig. 35. 



Fig. 36. 



^<^ 





w«» 
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which shows the rotation for ii length of 50 milltjaetrea, the 
ter for 100 uiilhmetres. 

§ 54. AVTierever exactness is ref^uired, the ohscrvations should 
repeated in each of the four quadrants of the circle. It will he 
and that appreciable differences exist between the angles of rotation 
us obtained, differences which van de Sande Bakhuyzeu' has shown 
iginato in defective construction of the Nicol, as well as in improper 
acing of the two calc-spar plates of the Savart. Thcao errors, 
iwever, disappear altogether when the mean of the (bur values for 
e angle of rotation is taken. When the observations are repeated 
two opposite quadrants only, and the mean of the readings is 
ken, the compensation of errors is not indeed complete, but the 
gree of accuracy attained is usually enough for all ordinary pur- 
see. The deviations from the true value do not exceed 0-03° at the 
Dst, and are generally less than 0'01°. To take observations in 
o adjoining quadrants has not, of course, the same compensatory 
iect. 

To obtain very precise results, it is obviously requisite that a 
dl larger number of observations should be taken. As a rule, &\e 
servations in each quadrant will be enough, so that allowing for 
e verification of the zero-points, which should be repeated at least 
ice each day on taking observations, the angle of rotation finally 
'tained will be the result of forty readings. Where considerable 
fferences arc found in the readings, the number of observations 
ust be increased.- This will occur when the solutions are not abso- 
tely clear ; slight colorations, on the other hand, do not materiaUy 
feet the observations. 

The degree of accuracy attainable is shown in tho two series of 
iservations appended. These were taken with an instrument of 
ermann and Pfister's manufacture, graduated to divisions of 5 
inutes, and allowing of approximate reading to single minutes. The 
[uid employed was an aqueous solution of cane-sugar containing 
'■4j grammes in lUO cubic centimetres. The length of tube was 
.97y millimetres. 

' van rla Sande Bakhujzen : Foj/i/. Ann. 145, 269. 

' DifferenceH of 20 minutes in the readings may earaly occur with impractiBod 
scrvera, but witt care these can Boon be much reduced in amount, bo tbat a liaaty 
iuion ahoiild not' be formed of a newly-purchasod Wild polarificopo. When the 
Berrer has become accustomed to the instrument, and the latter is properly I'ou- 
ftictod, the difference in the readings will seldom exceed 6 miuutes. 
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Obsebvation-Sebies a. 



Quadrant I. 



Empty I FuU 
Tube. Tube. 



Quadrant II. 



Empty 
Tube. 



Quadrant III. 



0°20' ,28° 10' 

24' : 46' 

18' 43' 

20' 45' 

18' I 45' 



90° 15' 
20' 
20' 
18' 
22' 



0° 20-0' .28° 43-8' 90°19-0' i 118° 40*0' 

I I V I / 



a = 28° 23-8' 
or= 28-397° 



28° 21-0' 
28-350° 




Quadrant I\ 



Empty 
Tube. 



208° 38-6' 

/ 



28° 24-8' 
28-413° 



270° 18' 
15' 
20' 
18' 
18' 



Fi 
Tul 

298° 



270° 17-8' ,298° 4 

28° 29-0' 
28-483° 



Mean of Quadrants I. and III. 28° 24-3' = 28-405°- 









II. 



>> 



rV. 28° 25-0' = 28-417°. 



I., II., III., rV. 28° 24-65' = 28-411°. 
Obsesvation-Sebies B. 



0°18' 
22' 
25' 
17' 
20' 



28° 50' 
42' 
45' 
42' 
44' 



90° 18' 
15' 
15' 
20' 
22' 



0°20-4' 28° 44-6'! 90° 18-0' 

I 



11 8° 45' 
35' 
32' 
40' 
42' 



/^ 



a = 28° 24-2 
or = 28-403° 



^ 



118°38-8' 

/ 



28° 20-8' 
28-347° 



180° 18' 
15' 
12' 
12' 
15' 



208° 38' 
34' 
40' 
40' 
40' 



180° 14-4' 208°38-4' 
^ i ^ 

28° 24-0' 

28-400° 




298° 4 
4 
4 

!) 

41 



270°18-6' 298° 4 



28" 28-6' 
28-47r 



Mean of Quadrants I. and III. 28° 24-1' = 28-402°. 

II. „ rV. 28° 24-7' = 28-412'. 
I., II., III., IV. 28° 24-4' = 28-407°. 



>> 



*» 



i> 
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y-) ITfi/f-S/iriie Inslrumenfx [PolnrimUrc^ d Pinomhre) of Jelk-tt, 
Cornu, and Lnuivitt. 

In these inatruments the mechanism for sensitivenese is arranged 
to produfe a circular field of vision divided into halves, which in 
certain positions of the analyzing Nicol are unec(uiillv illuminated, 
l>at in one partieiilar position exhibit a uniformly faint shade. This 
poeitioD, which can be fixed with great accuracy, is taken as the point 
of reference. The use of monochromatic sodium light ia pre-supposed, 

§ 55, The earliest inBt.rumcnt of this kind was constructed by 
■T.'llett in 18(!0.'^ In this, between the polarizing and analyzing 
Xicols, and close behind the former, is placed a prism of peculiar form. 
An elongated rhombohedroa of calc-apar which, by grinding the 
ends, has been converted into a right prism, is divided longitudinally 
into halves by a plane nearly, but not quite, perpendicular to its prin- 
cipal section, and the two halves then reunited, but in reversed 
positions. The priam ia mounted Iti a case, furnished at the extremities 
with diui)hragnis liaving circular apertures. The circular field bo 
obtained appears divided diametrically by the section into equal 
halves, in which the planes of polarization are slightly inclined to 
each other. A plane polariv;ed ray passing through can, by turning 
fhe analyzer, be extinguished by cither half of the prism, these points 
tjf extinction lying very close together, whilst between them liea 
llie position of uniform shade. The appearance of uniform shade 
1'ii.n also he made to vanish by the introduction of an active liquid, 
and, to bring it once more into view, the analyzer must be turned 
"n its axis through a certain angle, which can be taken as measure 
of the devialion of the ray produced by the active substance. 

S 56. Comu's instruraeut^ consists of an ordinary Nicol as 
"nulyner, with a polarizer of peculiar construction. The latter is 
formed out of a Nicol prism, by bisecting it in the direction of the 
plane passing through the two shorter longitudinal diagonals, cutting 
doivn the sectional faces 2J° and reuniting the halves. In this way 
^ve have a double Nicol prism, having its two principal sections form- 
ing an angle of 5° with each other, When, therefore, by turning 
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tile analyzer, we bring its principal section oxaotly perpendicul 
to one of the two principal sections of the polarizer, perfect obse 
tion follows in the corresponding half of the field of vision, the otbq 
half remaining illumined. A rotation of .1° reverses these condition 
the dark lialf then becoming bright and vice versa, while raidwi 
between these two positions lica a point where the halves BxJiiM| 
equal degrees of incipient shadow. 



Fig, 37. 




^ 57 Ih I 11 I I hument, however «! 11 
moat gtneral i tl t al Laurent,^ of which l jie tntatiotj 

given m J igs J8 

T gWePoli/t. Joioii. 223, GOa. 
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tn tills,' tiie light from a aodiiira flame passes through the 
owing optical apparatus :^ — 

1. A thin plate, a (Fig- -'57), out from a crystal of biohroraate of 
yish, serving to free the yellow ray from intermixture of green, 
le, and violet light. This is enclosed between a couple of glass 
ites and fixed in a movable diaphragm. 

2. A double refracting calc-spar prism, i, as polarizer. 

These two pieces are placed one at each end of the tube A B, 
g. 38, which is inserted in the fixed portion C C, of the instrument, 
thin which it is capable of rotation through a small angle. The 
louiit of this movement is regulated by means of the screw-stop ^, 
■ssing through the slot at C. 

3. A circular diaphragm c, containing a glass plate, to which 
affixed a thin plate of quartz, cut parallel to the axis, and just 
I'ge enough to cover exactly one half of the circle. The thickness of 
quartz plate must be so regulated that the yellow rays polarized 
rnllel and perpendicularly to the axis may in their transmissitm 
idergo a retardation of lialf a wave-length. (Tn an instmment 
anufactured by Dr. Hofmann, of Paris, the thicknosa of this quartz 
ate is O.ll millimetre.) 

4. The solution-tube (/. 

5. An analyzing Nicol t', furnished with rotatory movement. 

6. The lenses./' and (j, forming a small Galilean telescope. 

The analyzer rotates in a piece with the divided disc E, 
ithin the stout ring, M. For this purpose, the back of the disc is 
rnished with a bevelled toothed wheel, driven by a small pinion 
Di'ked by the milled-head F. The vernier is screwed firmly to the 
m G, hanging down over the graduated edge of the disc. In read- 
g, a mugnifier, S, is used, which has a motion round the point 0, 
id is provided at the top with a metal reflector, J. The latter can 
made to reflect light on the divisions either from the sodium flame 
some other convenient source. The Nicol can be turned in its 
se slightly by means of the screw L, so as to alter the zero-point, 
be telescopic lenses arc mounted in tubes, Klf, tlie latter of which 
^ a draw motion. The graduated circle, a front view of which, with 
e parts pertaining thereto, is given in the figure, has a diameter of 
•Q millimetres, and the vernier reads to single minutes. The optical 

' May be ubtnined uf Dr. Hufianim, -29, Hue Bertraod, Paris; Sthmidt sud 
leuifl^li, Berlin; J. PuIicislii, 21, Rue do rOduun, Paris; B»rt«Is and DiedorioliF, 
iJiaiuoittns, GiiltingBn. 'Fig. 38 is drawn from one of 
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arrangements are fixed at the ends of a brasB trough, of aemi-circnll 
Bection, Z>, resting on the stand P. The aize of the trough should a 
such as eaeily to take tubes 3 decimetres long with their water jaeketu 



S 58. The peculiar feature in Laurent's 



plate of quartz PQ, cut parallel to the a 
Fiy. 30. Tig. 40. 




Fig. 

Fiy. 41. 



instrument is the i. 
.39. LetthepoLin 



'^^- 



he first so adjusted that the plane of polarization of the transniilled 
peiieil of light is parallel to the axis of the plate — ^tbat is, lies in \h 
direction A B — the two halves of the field of vision will then apiifar 
equally dark or equally hright in every position of the analyzer. B"! 
if the polarizer be inclined to A B, at an angle a, the plane of pol.iK 
zation of the rays passing through the quartz plate will undLi: 
deviation through an equal angle, a, in the opposite direciin: 
Therefore, when in the uncovered half the plane of polarization h- 
the direction A C, in the covered half it will have the direction AC. 
If now we turn the analyzer, then, according as its plane of polari- 
zation lies in the direction c e or c'v, so will either the rays pokrizfJ 
parallel to ^1 (7 or to -4 C" be extinguished, and the correspoiiiiing 
half of the field of vision will appear completely dark, while llic 
other half merely sufiera a partial decrease of brightness {Figs. 40, 41). 
In the middle position, b h, Fig. 42, there is a uniform shading ov«r 
the two halves, hut a. very slight movement to and fro of the unaly«[ 
will at once destroy the equalit3'. These phenomena repeat therasclvea 
when the analyzer has been moved through an angle of 180°.' 

Tlie degree of unifoi'ni shade obtained by bringing the anuIyKf 
into the middle position will be greater, the smaller the angle a {Fif 
y9), which the planeof the polarizer makes with the axis of the quarrz 
plate. The parts are set by the instrument-maker so that these 1«i' 

' For the theory of the phenomena produced by polarized light with plait* ">' 
parallel to the axca of nni-aiial crysf^s, tee WiiUner'a LehrbmK dir Phfih ^ 
Aufl. Bd. II. S. B68. Lanreat, in hia earlier iiiBtnimeiits, employed a thin plsW "* 
jrypsiun intdiead of the quartz, which gave the Hame reaulta [Complis i""- 
78,349), 
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irectiona are pafallel to one anotlier, but, aa before observed, g .j7, 
djustraent ia arranged for by allowing the polarizer a alight amount 
i|' rotation, by meanB of the ring B, in the slot ^, Fig. 38, whereby the 
it'ld of vision is brightened. In this way the sensitiveness of the 
nstrument oan bo altered. This is always greater the smaller tiio 
lt?parture from the parallel position, when, consequenlly, the lees will 
be the amount of movement of the analyzer requisite to produce 
perfect obscurity of one or other half of the field of vision. The 
deepest shading suitable should thorefoi-e he chosen, 

§ 69. In setting up the instrnment it is directed towards a 
BtifUuni flame, and the telescopic eye-piece so adjusted that the edge of 
the quartz plate appears to divide the diaphragm by a sharply defined 
"vertical line. The analyzing prism must then be turned until both 
^alves of the field of vision appear equally dark, and the polarizer 
adjusted to that position where the least displacement of the analyzer 
is required to produce an appreciable change in the appearance of 
the field. 

Ill dctei-miuing the zero-point, tlie analyzer is brought into the 
middle position, where the partition-line becomes invisible. More- 
over, it is better to fill the experimental tube with water, so as to 
equalize the conditions in respect to absorption of light with those 
holding in observations of active liquids. One can then make the 
actual zero-position correspond as nearly as possible with the zero- 
mark by means of the screw L (Fig. ^8). Then, introducing the 
liquid, a rotation of the analyzer with its disc to the right will be 
acceaaary to restore the reference position if the substance be dextro- 
rotatory, and to the left if it be Irovo-rotatory. 

If now, owing to colouring or any slight turbidity, the field of 
vision is too dark, greater brightness can be obtained by a slight 
movement of the polarizer on its axis (see § 58), but this entails the 
disadvantage that larger movements of the analyzer are then required 
before any alteration on the uniformity of shade ia apparent, and the 
readings accordingly are more divergent. In clear solutions these do 
not differ by more than single minutes. For determining the direc- 
tion of rotation in active substances of high rotatory power, Ihe 
procedure given under the head of Mitscherlich's instrument (^ 4(3) 
li equally appropriate here. 

A bright sodium flame is necessary, which is best obtained by 
iniiig the lamp shown, | 46, Fig. 22. If tubes provided with water- 
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jackets are employed, the complete arrangement of the instrument 
corresponds exactly with the description given § 50, Fig. 29. To 
eliminate errors in the Nicols, the observations should be made at two 
positions 180° apart, and the mean taken. The subjoined table con- 
tains, as an example, a series of observations with one of Hofinann's 
instruments, graduated from 0° both ways to 180°. The zero-point 
was approximately at 90° in each half circle. The active liquid was 
a solution of cane-sugar : — 



Tube with Water. 


Tubes with Sugar Solution. 


• 

Zero-Point. 


1 

Observation- Series a. 

Tube Length 200 48 nun. 


Observation-Series b. 
Tube Length, 300*08 mm. 


Half Circle 
I. 


Half Circle 
II. 


Half Circle 
I. 


Half Circle 
II. 


1 

Half Circle 

I. 

1 


I Half Cirde 
II. 


89° 54' 


89° 56' 


103° 44' 


76° 10' 


110° 32' 


69° 14' 


53' 


57' 


42' ; 9' 


35' 


11' 


56' 


55' 


45' 5' 


36' 


10' 


57' 


55' 


39' 


5' 


31' 


15' 


59' 


55' 


46' 


4' 


1 33 


12 


52' 


59' 


41' 


7' 


1 33' 


16' 


54' ' 64' 


38' 


10' 


32' 


13' 


57' i 56' 


40' 


5' 


30' 


15' 


56' 


56' 


41' 


9' 


35' 


16' 


56' 


56' 
89^^ 55-9' 


42' 


7' 


31' 


14' 


89° 55-4' 


103° 41-8' 


76° 7-1' 
89"" 55-9' 


110° 32-8' j 

1 


69° 13-6' 




103° 41-8' 


1 
110° 32-8' 


89° 55-9' 




89° 55-4' 


76° 7-1' 


89° 55-4' 


69° 13-6' 


Observed Augle of Rota- 
tion a = 










13° 46-4' 


13° 48-8' 


20° 37-4' 


20° 42-3' 








^ 


y 


Mean a = 


13° 47*6' = 13-793° 


20° 39-86' 


= 20-664° 


For 1 decim. a = 


6-880° 


6-88 


6° 



(d.) Companson of Mihcherlivh's^ Wildes, and Laurent^ s Imtrumeiits. 
% 60. To determine the degree of concordance possible beiiween 
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Te instruraentSj observationB were made with the same tubes 
suitable solutions of sugiir. In each case, forty readings were 
one-half of which were for the dotermiuation of the zero- 



I Augle of 

I Butation 

for 100 mm. 



14-670° 
H-574° 
H-tiOa° 



Angle of 
Botatton 
for 100 mm. 



rom this it will be seen that the results obtained with these 
L instruments agreed to the tenth of a degree, the variations not 
iiig till the second, and in some cases not before the third 
il place. It is therefore inainatcrial which instrument is used, 
periority consisting merely in the comparative facility with 
observations can be made. An idea of the amount of difference 
ay be expected between tlie results obtained by different obser- 
, sliown by the following table, in wliiuh are recorded the angles 
.tion obtained with the same sugar-solution by two observers of 
equal experience in the use of the three several instrumenta : — 



Obserred Aiigie of 
Lenitti o! Eotatioiu 

Tube, 

in mil lira. Observer Observer 



a single doterminatiou* 



Observer Observer A — 



6-894° 
G-871° 


+ 0-002" 
+ 0-005" 


6-8S4° 

Q-Beo= 


+ 0-003= 
+ 0-043'' 


e-880° 
6-886° 


- 0-004° 

- 0-012" 


6-874'= 
t0-015° 


+ 0-021° 



lere we see the observations of the two observers varying 
1 limits of hundredths or even only thousandtha of a degree. 
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The varialioDs that occur in ohservatioiis with different tatilH 
similar in amount, provided iudeed that, as in the ahove instaa 
was the case, their lengths have been measured correctly to will 
0-D6 millimetre. (See further § 75.) \ 

(e.) Dcterminatkm of the Angle of Bofnlwii for c/i/feind E": 

[method OVKROCH.] I 

§ 61. The instruments thus far described serve only to meai 
the rotation of the yellow sodium ray D. It la possible, 
at least with Mitscherl let's and Wild's instruments, bv introdiK 
into the flame, instead of common salt, some other substance, sufh 
lithium or tlialliuin compoiinda, to produce monochromatic lijtbl 
another colour. The red lithium flame has the disadvantage of 
too weak in illuminating power to admit of exact observations ; besJ 
which, it retains an admixture of yellow rays, which, however, 
be absorbed by placing a red glass slide in front of the flame, 
volatility of thallium compounds, on the other liand, renders it diffici 
to maintain the green -coloured light with sufficient intensity hv m 
length of time. 

§62. A method which admits of the determination of Ihi 
for a whole series of rays of known wave-length was 
Broch in 1846^, and about the same time by Fizeau and Foucaiil 
and has since been adopted by various other observers, as IIopp 
Seyler, Wiedemann, &c. For this purpose, solar light Is employe 
reflected horizontally by means of a lieliostat into a darkeni 
chamber. The beam passes in succession through — {a) a polarizii 
Kicol ; (S) the layer of active substance ; (c) the analyzing Nicol 
a spectroscope, consisting of a collimator, prism, and telescope, whi( 
last must be furnished with cross- threads. If, leaving out the liqi 
the analyzer is first adjusted to the position of greatest darkness— 
zero-point — and the active liquid then introduced, the spcetnd 
with Fraunhofcr's lines will at once appear in the telesuopl 
If the analyzer he then rotiit.ed, a position will be found at wliid 
a vertical black line makes its appearance, and can be made to niol 
across the field of vision by continuing the rotation. This is causa 
by the Nicol as it revolves, extinguishing in succession the rays irhiia 
planes of polarization are perpendicular to its own. If t!ie cro» 

■ BroTih; Dore's Seperterium d. Phf/sik. 7, 113. 

= Fizeau and Fimcault : Complea Sand. 21, 1IS5. 
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of the telescope hare been previously made to coiiu^ido with 
one of the Fraunhofer lines, and the dark btind l)e now bnuight 
Ter it, the reading on the graduated disc will give tUo aiiglo 
ation for that particular ray. In a similar man nor tho amount!) 
^tion can be determined for other portions of tho s]H'otrun). 

63. Instead of solar light, the use of which is of course very 

restricted, artificial light may also be employed for this method 
ervation. V. von Lang's^ method of using lithium, Bo<lium, and 
im light, is first to adjust the cross-lines of the tolcscope u})on 
nes produced by volatilizing a salt of the re8j)octivo metal 
Bunsen burner; then, replacing the Bunscn by tho luminous 

from an Argand, to bring into view tho continuous spectrum 
ary for the production of the dark absorption- band. By 
ig the l^icol until the band is made to coincide with the 
threads — the position of which must, of course, remain undiM- 
l during the experiment — the angle of rotation for tluj givc»n 

obtained. In the same way the light from a hydrogen CJeiNHler- 
3an also be used. By these means it is posKible to determine 
igle of rotation for six difierent rays of known wave-hingtli. 
6 subjoined table these artificial lines are collutcKl witli tlio 
ihofer lines so as to indicate their pf>Hition in tlie HiKictruni/'^ 



Artificial Linefl. 




Fraunhofer 
Iauuh. 


Wttvo-Iifijjrth, 
in iJiJJJim. 






A 


0007007 






H 


UhWATl 


Bed lithium lizhe 


Li. 




irhhhtiin 


Bed hydrog«D Hue 


". 


C 


hifi>i)i'Ml 


Yellow Bodimu liuc 


Na 


h 


hiMW4% 


Green tlialliuin Ujx*: 


7'J 


/i 


OOO.VJ'/0 






h 


h</i>h%:>rA 


Gretai'hlw: liydr*jjf«.i. iiw,- 


"* 


P 


h Kt/ji>^yz 


Blue-rioiet hydrjipn. ;;w. 


«7 




**h*M-^A>, 








*/^Ay/,i 



Laajr: fopf/. Atui. 1% iic 




u4wM!v^.'' iQttbciHlut tbe uwutl LTme-trhreails, the teltncopi: if 



nllk Nl^ iWMi A'vritb II3J, iwil 'litu "i line H^. >»« iha matos 
L liy Hnimliiihii 'm 'io WSIiipa. IKtaiihsuuir, Augt^Mmin, 



-«t' 



« timt puuiiicr S^ = 



uHi. »n^ TI = a; 

llHMU' nlllwH "Wlltt^ — •T*" (■nhoUy b« ouda STaiLtlile. ts the f^Jliioi 
Waw-laBS^w in millinwtna. 
n tbu . . 0-W&76O7 (Ranniiofcr liu j; . 
, ItM .■ '1-000644 IHonunl. 

U-lW0a34 I „ !. 
O-OOOSiaS iTmrnhufer line «). 



0-O0046fi (Hnrionl- 

O-OIHMSflT (Leiviq de BaiabuiAa^. I 



0-0W>tI01 CLecoq ae B.11 
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two parallel vertical threads, separated from each other by a 
stance soraewhat greater than the breadth of the black absorption- 
ind. The deterraination of the angle of rotation of a given sub- 
anee comprises the following operations: — 1. The determination 
the zero-point of the analyzer. The spectroscope is removed, 
ad the experimental tube left empty or filled with water. The 
Ltgand lamp i serves as the source of light. 2. The spectroscope is 
et up in its place, and in front of the Nicol a, the source of light A, 
ntioh gives the lines (a Bunscn burner, with a bead of salt or a 
lydrogen tube) ; the analyzer is then rotated till the light can pass 
through. After widening pretty considerably the slit of the col- 
imator cf, the telescope / is moved horizontally until the bright 
:!(■ under examination lies accurately between the parallel threads, 
11 the clamp-screw g is tightened. This position of the telescope 
[1 be more readily found whea the Argand lamp i, with a small 
iijme. is placed behind the Bunsen burner A, so that the threads 
-land out against a bright background. ^. The tube containing 
I lie active liquid is then laid iu its place, the Argand light turned 
full on, and the analyzer moved on its axis until a broad dark baud, 
with faint edges, appears in the field of the telescope. This also 
is brought between the parallel threads, and the angle read off on 
the graduated disc. Lastly, by reproducing the bright line again, 
\t can be ascertained whether the position of tho telescope has been 
flisturbed in the meantime. 

In observing the parts of the spectrum which lie near the ex- 
tremities, as the red lithium-line, the Drummond lime-light should 
be used for the production of the continuous spectrum, the Argand 
being too weak in red rays sufficiently to illumine the edges of 
the dark band. 

The above method does not admit of the same degree of con- 
cordance of results as when the polariscope is usfd alone, the posi- 
tion of the dark absorption -band being less definite, owing to the 
indistinctness of its edges. Tlius von Lang, in the paper referred to, 
gives the following table as allowing the varying positions of the 
analyzing Nicol in a determination of the rotatory powers of a quarlK 
plate. 

Observation-aeries 1 and 2 were obtained with an Argand lamp, 
3 and 4 with a Drummond light, the position of the polarizer in the 
Second being difl'erent from that in the first two series. The tem- 
peratures of the quartz plate are also given in the table; these exhibit 



certain variations, but too ainuU in amount to account lor 'lit 
dififerences in the observed poBitiona. 





1 




2 




a 


^ ^ 


Sodimn Line. 


Thallium LJue. 


Sodium Line. 


Lithium Use. 


Temp. 


A^gh. 


Temp. 


Angle. 


Temp. 


An^. 


Temp. 


Aj^, 


17-S- 


7a-23° 


20'0° 


69-28° 


18-0° 


91 -ur 


32 


0° 


I08-M' 


20-r 


n-53° 


20' 1° 


70-20" 


17-0° 


93-33° 


20 


5° 


103-13° 


20-0" 


70-29= 


la-r 


68-12° 


!fi-4° 


03-37° 


21 


fi° 


I03-a;" 


■lo-i" 


72-U- 


■200 


68' 73° 


S0-0° 


92-89= 


18 


3° 


103-;i^ 


20- 1" 


71 '90= 


20-S= 


Bd-&r 


13-5° 


93-33= 


19 


8° 


l01-()3' 


21-0=' 


71'I1'' 


20-6° 


68-82' 


20-0° 


93-08° 


20 


0° 


1031' 


21-7° 


71 ■20" 










19 
20 


9" 
3° 


102-«l 


io-r 


71'49° 


20'2° 


69-19° 


IB-]" 


93-00° 


103-1;" 




± 0-26" 




± 0-20° 




±Q-25° 




± o-so' 



B. Measurement of the Length of Tubes and their 
Adjustment, 
§ 64. The experimental tubes of polariscopes should invariublv 
be made of glass. They are generally 2 decimetres {about 8 in.) i" 
length, but shorter ones, 1 decimetre, and longer ones, 3 deetmctres 
and upwards in length, can be used where the conBtruction of the 
instrument will admit of it. The internal diameter varies from *J 
to 10 millimetres {3-in. to f-in.), and the thickness of the glass walls 
should be about 2 millimetres. The extremities are ground flat witi 
great care, the ground surfaces being kept as nearly as possible 
perpendicular to the a.xis of the tube, otherwise it will be impossible 
to determine tlie length of the tube with any exactness. More- 
over, it is convenient to have the internal walls of the tube ground 
with coarse emery powder, so as, by dulling the surface, to prevent 
disturbing reflections. 

The mode of closing the ends of the tubes usually adopted is, 





as shown in Fig 


44 


by 


plane parallel gla 


s plates 


which 


can be 




fixed down by a b 


rew 


-cap 


having a washer 


of India 


rubber 


or soil 




leather between. 


As 


Scheibleri first observed, this a. 


ode of 


d„jj| 




I ' Scheibkr 


Jit.- 


rf. )i!«ltcli. cheai. Gesell. 


I86S, 268. 
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fobes may prove a source of error owing to t!ic tcadeucy of the 
ass plates under pressure to become double- refracting, whereby 
jlit passing through them is circularly-polarized. Moreover, when 
fferenuea of tension exist in the body of the glass, owing to imper- 
ct annealing, the same results will appear altogether apart fi-ora 
resaure, although the latter intensifies them. Indeed, by applying 
iffieient pressure to the glass plates, the errors thus arising raay even 
nount to several degrees. It will he evident then how essential it 
that all new glasses should he carefully tested, before they are 
^en into use. 

For this purpose a series of observations should be made of 
le zero-point of the iosti'ument, first with a tube open at the ends, 
ken with a glass plate applied to one end under moderate presstii'e. 
[oreover, as the glass may bo difi'erently affected at different parts, 
le tube should be turned about on its axis so as to test every part, 
renerally speaking, if one glass is found to be circular-polarizing, all 
thers of the same lot, cut at the same table, will prove to be so 
ike wise. 

S 65. The tubes supplied with the appai-atus are usually fixed 
within a simple brass tube, or they may be left uncovered ; in either 
wise the liquid inside will he exposed to the temperature of the sur- 
ttimdingair. Now as (see g 22) the rotatory power of most substances is 
Tiiaterially affected by heat, it is necessary to be able to control the 
temperature of the solutions during the continuance of the obser- 
vations. This can be done by enclosing the tube in a jacket of 
brass, 4 to 5 centimetres wide, and allowing water to flow between, 
applied by a reservoir in which it has been previously raised to 
'k' desired temperature. Fig, 44 represents a tube enclosed in a 
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teter, as well as for those provided with water-bath surroundiflgs. 

wo s'jp{>ort3 AA (A' in the side elevation) is fixed, horizontally, 

s bar BB, 3i deciinetros in length, carrying the plate C fixed 

I extremity, and the sliding-pieee D. The latter consists of 

r, which can be firmly cUinpcd by the screw c, and is 

scted by means of the micrometer- screw d and the spring e with 

^second piece 6, so as to communicate to the latter a fine movement. 

The bar BB is graduated to millimetres, and the sliding-piece b earriea 

Et vernier, reading to Tr'^lb millimetre. Into the face of the fixed plate C 

Fill. 4H. 




and the opposite face of the sliding-piece 6, are screwed horizon- 
tally two round steel pins in a, to serve as supports for the tube we 
wish to meaaure E (which in the Fig. is shown as jacketed). Above 
the pin m isa wedge of steel/, fixed with its sharp edge vertical, against 
which one end of the tube ia made to rest. A similar steel wedge .7, is 
affixed to the short ami of the bent lever h i, which works on the 
pivot A; these parts (indicated in the side- view by 1/' A' ('A') beingin con- 
nection with the sliding-piece h. The outside of the longer arm,/, which 
ia directed downwards, has a spring p resting upon it, which tends to 
tnake it move towards the left; and at its extremity an index mark 
7 is placed which can he made to coincide with a similar mark on b. 

In using the instrument the pins m » are first removed by un- 
screwing, and the sHding-piece D pushed close up to C, until the 
two edges of the prisms / and ff nearly meet. The pari a is then 
damped, and with the aid of the micrometer-screw d the part b is 
■moved forward, until by perfect contact of the edges / and •/, the 
indexmarkfi'.whichat first stoo'l to iheleft, is madu to coincide with the 
mirk on h. This gives the zero-point. Tho pins vi n are then screwed 

K 2 
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into tteir place, D bein;? pushed back far enough to allow of 
tube to be meoftured, tiein^ ^!i'*p*>ii'ie«l trtely upon the pin^. One 
of the tube Ls presaed again-t the ed^re r\ while the contact of y 
the opposite end L? completed with the microraeter-aorew, untS 
marks at 7 again coincide. The length i^ then read off wita 
vernier on the graduated bar. Since the annular end-aurfaees 0; 
tube are never truly parallel, the Litter ahoidd be turned on ia 
through a quarter, half, and three-quarters of a circle, and the i 
of the measurements in the several positions taken as the true lee 
Where a ca the torn eter is availuble, the fijllowins' mi>ie of di 

mining tube-lengths 
also be adopted. A pie 
glass tubing a b (Fig. 
of such diameter tha 
will slide easily inside 
tube to be measured ^ 
out shaking about in ; 
closed at one end h witl 
blowpipe, the glass 1 
drawn to a blunt j 
which can then be si 
enod off a little witl 
tile. Enough is cut 
open end to leave the 
S'-me millimetres sh 
than the tube to be 
siired, after which it is 
with mercury to about 
i.'Urth of its lenorth 
ir.otal being retained 
I I-ice by a cork c pr 
• lowii oil its surface. 
tho mouth of the tu 
ii»>t ::td a olose-titting, 
i:rt.is<.vl pii^LO of i 
rubber tube d, thi 
•■'Nv^h f^^^^es a glasv^ rod f\ of diameter just sutRoient to move < 
*'V-.^.:Y^ !-he lnflia-nibl)er collar. To allv»w csoapo of air the i 
r-r''iHfNj« :<h**^iild \ie slit down its whole length at one side. The 
Vw rrA arc drawn out a little, '' * being broug 
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lA point. The other end is passed through the cork g, so aa to ensure 
straight motion within the tube,and the rod ia pushed down so far that 
the total length of the combination is somewhat gi-oater than that of 
the tube to be measured. The latter ia then closed at one end with 
glass plate and screw-cap, the contrivance just described slipped into 
it, and the glass rod pushed down by pressing the point / with the 
i>ther glass end, and screwing the latter firmly down. The lower 
Bcrew-cap ia now removed, the inner tube withdrawn without dis- 
turbing the position of the rod, and fixed in gimbals (Fig. 48), 
whereby the weight of the mercury in the bottom keeps it truly per- 
pfiidicular. By means of a cathetumeter the distance between/' and 
i can then be determined. Repeated measurementa taken in thia 
waj' are found to agree with a mean variation of only + 0-02 
tnilhraetre. Where the apparatus is too wide and requires steadying 
ia the tube, india-rubber bands, A // (Fig. 47}, can be slipped over it. 
In determining the angle of rotation of a liquid at different 
tEmperatures, the consequent variations in the length of tube must be 
taken into account For this purpose it will be found sufficient to take 
thei)if(m value 0'0000085 as the coefficient of linear expansion of 
glass for 1° Cent. Representing the length of tube in millimetres by 
it and the temperature of measurement by t, the length at any other 
temperatuie i will be given by the formula 

L^- = it [1 + /3 (t' - 0]. when i' > /, 



L^,, = Zt [1 - ^ (' - 0]. when (' < (. 
Thus if a tube measures exactly 2U0 millimetres, at a tempera- 
lure of 20°, it will measure 200'02 millimetres at 30° and 199-98 
millimetres at 10°. The correction is therefore only needed for 
great variations of tomporaturo and long tubes. 

0. Estimation of Percentage Composition of Solutions. 



§ 67. Preparation of Solu/iona h/ Weighing the Active and In- 
active Comtituentn. — For this purpose small blown glass flasks (Fig. 
49) of 25 to 100 cubic centimetres capacity, with wide necks, and 
provided with ground-glaas stoppers, wUl be found most suitable. 
The active substance is first weighed into a flask of this kind, after 
which the calculated amount of solvent necessary to give the desired 
percentage is introduced by means, first, of a wide, and subse- 
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quentlj a narrow -necked pipette. But as in thia wiiy a drop or ttf^ 
may be easily added too much, and thua the right percentage not 
accurately attained, it is host t« prepare the aolutions roughly at 
first by weighing in a pair of scales, and afterwurda determine 
accurately by a chemical balance the real amount added.' 

S 68. The percentage composition of fresh- prepared solutions 
can easily be found to the third place of 
^ decimals by weighing to milligrammes, but 

this accuracy vanishes when it becomei 
necessary to filter from turbidity, tlie 
evaporation of the solvent which takes 
place during the proceRs, increasing tbe 
percentage of non-volatile active snb- 
etimce. 

To estimate the magnitude of ihe en 't 
arising from this source, a few esperinn'i.i- 
were made partly by placing the filtering; 
apparatus bodily into the bahmce-pan, and 
partly by determining Ihe percentage after 
as well us before filtration. Piltera of 
Swedish paper were invariably used, and both tbo funnels and tlio 
other vessels emplo_\ed were covered over as much aa possible. 

Aqueous Solutioiti.—ii. 43 131 grammes of water took foiU' 
minutes to filter, losing O'OIO gramme by evaporation, Temperoture 
of the air iy° Cent. 99'Lil4 grammes of water took eleven minuws 
to filter, and lost (1*041 gramme by evaporation. Temperature, ^f" 
Cent. At thia rate, filtration of 40 to 100 grammes of a 10 per ce'i'' 
solution would be tantamount to au addition of about 0-004 per m^'- 

' InHtoad of pntting the ohj'ect to be weighed in the left and tho wcijfiLM in ilif 
rii^lit aealy, in the usual way, the fuUowing method is oonvenient ; — A certain Tfis!''- 
givMter than any libel}' to be lued in the experioientH, ia put in the left aciilc. A 
.iO gramme weight will generally do. In the right Boale is placed first the emptj 
ilaai, together with weights enough to prodnce equilibrium, and the same pn"!f» 
repeated after the aubstanees liitre ham introduced. Tho advantage of lluB methiri i' 
tliat, as the weight in tho holonee remiuns constant, the oHcillationB remaiii the eaw^ 
and, by finding once for all the amount of swing correBponding to 1 roilligranuoc, il 
will be easy ulwHys, whfu the balitnco ia upproaching oqailibriom, to fix upun i'' 
proper division for tho riiler from obeerviitioQ of a single oBoilladon. ThiiH tie pri' 
uesB of woiffhing in facilitated. It Is, however, on indispeusuble couditiuii lii i 
the length of heam-iirraH Buffer no alleratioii during imy Beries of connected »-pighiii>,- 
The BnbstituiioD uiethud (BoiilnV) of weighing is the only method which in''i- 
thia difficulty. 
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if active subatance. b. Filtration, lasting for three rainutes, of 50 
iubic centimetres of an aqueous solution of nitrate of silver raised 
he proportion of the solid substance from 9'708 to 9'713 per 
sent. Temperature, 2'^'<}°. In this case the addition amounts to 
}"005 per cent., thus agreeing with the result of the preceding 
experiment. 

Alcoholic Solutions. — a. 31-007 grammes of alcohol, of 94 per 
cent, by weight, took four minutes to filter, and lost 0'067 gramme by 
evaporation. Temperature, 18° Cent. 71'494 grammes of the same 
alcohol filtei-ed in ten minutes, and lost 0'114 gramme. Temperature, 
10° Cent. Ilad these solutions contained, to begin with, 10 per cent, 
of active substance, the process of filtration would have raised it to 
1003^ per cent, in the first experiment, and to lO'OKJ per cent, in 
tiie .second, h. 50 cubic centimetres of u solution of nitrate of silver 
in alcohol of 78 per cent, by weight took ten n)inutes to filter {tem- 
perature, 23" Cent.), and the proportion of active substance rose in 
one experiment from 9'IJ36 to 9-714, and in another to 9-736, or by 
amounts ranging from 0-0-28 to 0-050 per cent. 

Assuming, therefore, that evaporation is independent of tbe 
concentration of tbe solutions, ant], further, is proportional to tbe 
amount of filtrate (both of which postulates are only approximately 
true), the result of tbe foregoing experiments may be taken as 
proving that for every 10 per cent, of active substance originally 
pfeaent, the proportion is raised by filtration — -in aqueous aolntions 
by 0-OO.j, and in alcoholic solutions by from 003 to 0-05 per 
cent. 

Thus it will be seen that in the case of concentrated solutions 
ttia increase of percentage may become very considerable, and where 
alcohol is employed as the inactive solvent, may altef the first 
decimal by several units. Filtration is therefore to be avoided as far 
as practicable., 

The degree to which errors of this kind affect the calculation 
of specific rotation is stated in § 75. 



i 69. Reduction of Weighings to Weight in Vacuo. — If it be desired 
to determine with great exactness the percentage composition of the 
solutions, the results of the several weighings should be reduced to 
their values in mem. When pains have been taken to weigh accu- 
rately to milligrammes, which should, as a rule, be done, it coats but 
little extra trouble to apply the trifling correction requisite, which is 
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the more desirable, ns neglect of it may affect the value of the 
centage to the second place of decimals. As a rule, tho en-or aris 
from non-reduction of the weights will be greater in proportion to 
difference in density between the active substance itself and 
solution of it employed. The effect on the specific rotation value 
will be greater the more concentrated the solution is, and the 
smaller the angle of rotation. 

The following simple method will suffice for the reduction:— 

Let p be the observed weight in air of a given substance, 

d its specific gravity, 

then the weight y, by which the substance, weighed with hrasa 

weights, appears too light, owing to the pressure of the atmosphere, 

is given by the formula 



y =;». 0-0012 (- - ()-12). 



The number 0'0012 is the mean density of atmospheric air, and 
0'12 is obtained by dividing unity by the specific gravity of brass, 
which latter may be taken as 84. 

The weight in ciicuo P of the substance will then be- 

P = p + y. 

These coefficients arc amply sufficient for tho reduction of all 
weighings that occur in determining tho specific rotation of active 
substances, and it ia unnecessary to allow for changes of density in 
the air, so that we need not take observations of temperature and 
pressure at the time of weighing.^ 

To facilitate calculation the following table has been prepared, 

giving the values of the factor 0-0012 {-, — 0-12] for solutions with 

specific gravities ranging from 0-74 to S'O. Putting R for thii 
value, as in the tabic, the reduced weight becomes 
P = p + pE. 

■ For the Talionah of thia fonniUa bw EohlrauBoh, LH'JmkH dtr pi-akliidM 
PhyM, 3 AuR. S, 39. [Translated into English from tho Heoond German ediUoa, 
under tho title of An iHirodmtim le Fhgikal MiataremmU, by Mesas. Waller 
ond Proctor. Churchill, Loadon, 1873. Svo, 12b.— D.C.E.] 

' If the density of the BnbstaiH« exceeded 8-4, which, hovfOTOr, is never Ihe M" 
with the subBtanoee with which we have to deal, P = p - y. 

= Moreover, the circomBtaiice that tJie smaller weights iire of platinum insi^n.! ■! 
bruin baa no appreciable effect. 
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In the calculation it will be sufiGcieut to take the weights p 
to ducigrammes and the specific gravity to two piaces of decimals. 
Xlie following example of the preparation of a solution of tartrate of 
elbjl in wood-spirit, will show the mode of the reduction : — 



I. Tartrate of ethyl weighed in air j; 

Specific gravity of tartrate of ethyl, d = V 
Value of n for 1-2 from tabic = 0-00086. 
10-898 or (substantially) 10-9 x 0-00086 ■ 



10-898 



O'OOO 



Weight !« racwo = 10-907 grammes. 
II. Weight in air of the solution in wood-spirit, p = 27-269 grammes. 
Specific gravity of solution, d = 0-94. 
Yaluo of iS for 004 from table = 0-00113. 
27-269 or (substantially) 27'3 X O'OOllS = 0-031 



Weight in vacuo ■ 



27'300 grammes. 



The percentage composition of the solution therefore stands as 
ibllows ; — 

"Uncorrected. Corrected. Difference, 
Tartrate of ethyl 39-965 39-952 - 0-013 

Wood-spirit GO-035 60-048 + 0-013 

In the process of preparing solutions there are thus two separate 
■weighings requiring to be reduced to weight in mnio : — (1) That of 
the active substance, for which a knowledge of its specific weight is 
necessary ; and (2) that of the prep^ired solution, the density of which 
mast be known at any rate for calculating the specific rotation. In 
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case the density of an active substance is entirely unknown, wl 
may occur with solids, the dijBSculty may be got over by weighi 
first the solvent, whose specific gravity is known, in the flask, 
then adding the active substance. 

The table below gives the specific gravities of a number 
optically active solids and liquids, as also of several substanc 
suitable as solvents. The specific gravities of solutions employe 
in polariscopic experiments seldom appear outside the limits 0*! 
to 1-4. 

Active Substances. 



Oil of turpentine 


d. 
0-85 to 0-91 


Cane-sugar 


d. 
0-85 to 1-a 


Colophonium 


. 85 to 1-07 


Sorbin .... 


0-85 to 1-61 


Camphor 


0-85 to 0-99 


Ammonium acid malate 


0-85 to 1-SI 


Caniphoric acid 


0-85 to 1-18 


Tartaric acid 


0-85 to 1-71 


Nicotine . . . . 


0*86 to 1-01 


Tartrate of ethyl 


0-85 to i-n 


Gholesterin 


a'85 to 1-07 


Sodium-ammonium tartrate. 


0-85 to 1-a 


Santonin 


0-85 to 1-25 


Potassium-ammonium tartrate 0*85 to I'Tl 


Salicin and Phlorhizin 


0-85 to 1-43 


Sodium-potassium tartrate . 


0-85 to 1-78 


Asparagin, cryistallized 


0-85 to 1-50 


Tartrate of sodium 


0-85 to 1-79 


AHpartic acid 


0-85 to 1-66 


Potassium acid tartrate 


0-85 to 1-96 


Mannite . . . . 


0-86 to 1*52 


Tartrate of potassium 


0.85 to 1-97 


Milk-sugar 


85 to 1-54 


Tartar emetic 


0-85 to 2-60 




Inactive Solvents. 




Ether 


0*85 to 0-71 


Acetic acid 


0-85 to iW 


Alcohol 


. 0-85 to 0-79 


Nitro- benzene . 


0-86 to 1-20 


"Wood- spirit 


0-85 to 0-80 


Formic acid 


0-86 to 1-22 


Acetone 


. 0-86 to 0-80 


Ethylene chloride 


0-86 to 1-26 


Benzene and Toluene 


. 0-85 to 0-88 


Carbon bisulphide 


0-85 to 1-27 


Acetic ether 


0-85 to 0-90 


Chloroform 


0-85 to 1"48 


AniUne 


. 0-85 to 1-04 


Carbon tetrachloride . 


0-85 to 1-60 



D. Determination of the Specific Gravity of Liquida 



§ 70, The only method which affords the requisite degree of 
exactness is that of weighing a determinate volume. For this pur- 
pose we may use narrow-necked pycnometers of 10 to 20 cubic centi- 
metres capacity, which can be filled or emptied by means of a pipette 
with capillary stem and india-rubber ball (Fig. 50.) 

The washing and drying of the apparatus is quickest done by 
rinsing with alcohol, followed by a little anhydrous ether. To bring 
the level of the liquid to the mark a roll of filter-paper or cigarette- 
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«r may be used. If tbe neck of the pycnometer have a width of 
mt 1 millimetre, differences of from O^O to 2 milligrammes may be 
Hjrved in the weight of the flask in successive adjustments of level, 
Fig. 60. 




a constant temperatui-e. The temperature ia maintained constant 
seping the flask iu a water-bath. 




• degrco of exactness is attainable with Spren^cl's 
. (Fig. 31). Thin consiats of a U-sbaped tube of thin glass, 
' Spreugel I Fogg. Ann. 150, toD. 
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the ends of which are drawn out narrow and bent at right a] 
The internal diameters of these two capillary tubes a and h are 
unequal ; in one, 6, on which is placed a mark m, it measures al 
\ millimetre ; in the other it is less, not exceeding \ millimetre 
most. The filling of the apparatus is performed by the met 
shown in Fig. 52, the narrow tube a being fitted by means of 
small cork to the glass bulb g^ to the other limb of which is attaci 
a piece of slender india-rubber tubing. 

Dipping the wider tube b into the liquid and sucking at 
india-rubber end, a sufficient vacuum may be produced if the bulb; 
be large enough, so that by keeping the tubing pinched with 
finger enough liquid will enter to fill the apparatus. 

The operation is complete when the liquid begins to drop out at 
The bulb is then removed, and the instrument placed nearly up 
the level of the ends in a water-bath of the desired temperature, 
the resulting changes of volume it will be seen that it is only in 
wider capillary tube h that the level of liquid oscillates — that is to say, in 
the line of least resistance. In the narrower limb, it remains stead] 
throughout at a. If at the desired temperature the liquid in the tube t] 
stands outside the mark m^ it can be adjusted by applying a piece 
blotting-paper to the end a ; if, on the other hand, it does not reacli] 
the mark, an additional drop of the solution may readily be introduced 
by applying it at a on the end of a glass rod; the capillary action 
of the tube sufficing to absorb it and carry forward the level of the 
liquid within h. 

This operation is capable of so much exactness that in succa- 
sive experiments, assuming the temperature to continue perfecdy 
uniform, the weight of the charged instrument will not vary by more 
than 0*1 to 0*2 milligramme. In removing the apparatus from the 
water- bath and wiping it previous to weighing, it is obviously 
requisite to avoid touching the point at «. The emptying is done 
by again attaching the glass bulb and blowing out the contents of 
the tube ; then a little alcohol and ether sucked into it will serve to 
rinse it out and dry it. 

Another form of Sprengel pycnomet^r is shown in Fig. 53.^ 
In this a thermometer is fused into the body of the instrument^ 
whereby the temperature of the solution can be known with absolute 
certainty. The apparatus is furnished with capillary tubes as in 
the instrument already described ; but the end of the wider tube 

^ Alay be obtaiued of Dr. Gois^ler. Boim : or, lieiutz, ^Ujk<«^owvr. Aachen. 
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id and fitted with a bend for immersiuii in the liquid 

grated. 

(ver, both ends can be closed with groond-glaBs caps to pre- 

B by evaporation. Tbia form of pyctiimcter is exceedingly 

oit and aecuriite to _ 

ith, the specific grd- 
etermined from succes- 
bservatious not vary- 
sre than two or three 
(Q the fifth place of 

h. 

, the specific gravity is 

determined accurately 

: fourth decimal place, 

ing variatioua in the 

be temperature of the 

^th must not be al- 

bo vary by more than 

nt. With a pycQometer 

iubic centimetres oapa- 

tlled with water at a 

srature between 17° and 

lent., a variation of this 

Qt will produce a difi'er- 

jf 0-4 milligramme in the 

it; whilst in the case of 

lore expansible liquids 

amount of variation 

lerature may cause a difference amounting to 2 milli- 

in the weight of 10 cubic centimetres, whereby the spe- 

■ty will be altered by nearly 2 units in the fourth decimal 

1 a pycnometer of 20 cubic centimetres capacity, the error 

If this amount. 

observing the angles of rotation, a normal temperature of 
B here also to be preferred. Cylindrical glass jars of several 
iity, so as to maintain the temperature constant for some 
nsed as water-baths. The immersed thermometer should 
to at least fifths of a degree. In a pycnometer of 10 to 
centimetres capacity complete uniformity of temperature 
ly attained in the course of ten minutes. 




V 
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i 71. To M^rmime He nf^fir ^nrity 4iir 4tm»^y we pi 

follows : — The prcnosieter i§ filled at m tcmpentiire #^, first 

dbtflled water, from vLich the air h2.s been preriooslT expeDed 

boilmg, and afterwards with the liqoid nnder examinrntion. If 

we rabtract from each of these weights the weight of tlie 

empty, then patting 

IF for the weight of water, 

^f«jr the weight of liqnid, 

— will represent the specific gravitr of the solution at a 

peratnre of f' relative to that of water at the same temperaf 
Moltiplv this by the density of water at f^ = Q (that of water at 
Cent being taken as 1), we get the specific graTity of the liquid ati 
relative to water at 4r Cent. Lastly, takin^r into account the infli 
on the weighings of the pressure of the atmosphere (density h) 
obtain the true specific weight, relative to water at 4® Cent., of 
liquid at t^ in vacuo, which we may designate d\ from the formula^ 

Jr 

The value so obtained expresses the weight in grammes of 1 cuKd] 
centimetre of the liquid at /° weighed in vacuo. 

At the normal temperature of 20^ Cent, the density of wi 
Q = 0*99826. Where some other temperature is employed the corre-j 
spending value of Q can be found in the table given in § 73. 

For the density 5 of air — that is, the weight in grammes of 1 cubic 
centimetre, which varies with temperature and pressure, it will be 
sufficient to adopt the mean value 0*0012, or, reckoning to five 
places of decimals, 0001 19. If the specific gravity of the solution 
lies between 7 and 17, as is the case with nearly all solutions of 
optically active substances, the temperature of the air at the time of 
weighing being between 10° and 25°, and the barometric pressure 
between 720 and 770 millimetres, the above coefficient suffices to 
correct the influence of atmospheric pressure accurately to within 
at most 4 units in the fifth place of decimals. But in calculating 
specific rotations, it is sufficient to know the densities to the 
fourth decimal place. 

Accordingly having ascertained the weight of the pycnometer 

' I^'or i)w mode of doriving the formula, 8ee F. Kohlrausch, Leitfadm d.praki, Phjft^i 
',] Aiifl. 8. 40. [Tho Engllnh reader may coimult the translation already referred to 
on imK*' lao. -I). (Mi.] 
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1 the mark at 20° Cent first with wuter aud then with the 



pid, the unuexed formula 
df = 



give the specific gravity:— 
0-997071 + 0-O0H9, 



Mr 

log. 0-99707 = 0-998726 -'. 

Example : In deteiiniiiing the specific gravity of an aqueoua 

■'ulion of sugar, the pycoometer filled with water at 20° Cent. 

i-hed ir= 13-6158 grammes, and filled with the solution F = 

lOlo grammes. Hence, by the formula above we get df = 1-1290, 

N i,:;lcoting the reduction to vacuum— that is, taking the value simply 

F 
- -- — 0-99826— we get 1-1292, making the specific gravity 0-0002 

i high. Again, an alcoholic' solution of camphor gave F = 
I'JtiO grammes, and, as before, W = 13-0158 grammes, whence 
= 0-83863. By negleoting 8 the result would be 0-83763, or 

• "U[*l too small. 

Having onoe determined the weight of water W, contained 

L t the normal temperature hy any particular pycnometer, we may 



iL'kon the quotient 



-0-00119 



= C for 20' 



0^99707 \ 



And 



■vith this constant the specific gravity of any liquid may be found 
f"rom the value F by the formula 

<il = F. C + 0-00119. 
H, as is not unusual, 17-5" Cent, is taken for normal tempera- 
:\u-e, then since at this temperature Q = 099875, we get 

rfr = fr" 0-!'9''56) + 0-00119. 

Lastly, if the specific gravity of a solution has to be determined 
at some temperature other than that at which the weight, of water 
contained by the pycnometer hua been ascertained, the change in 
Capacity of the apparatus — that is, the coefficient of cubic expansion 
of glass — has to be taken into account. Let 
f represent the observed weight of liquid in the pjcnometer at the 

temperature i° ; 
flbe weight of water contained at temperature T° ; 
Q the density of water at temperature T° (see table § 73) ; 
C the mean density of the air (0-0012) ; 

B coefficient of cubic expansion of glass, whicli may be taken at 

0-00002-1, 
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^ 7*A r ' u- • . I." r " : . : " «. « — : 7 ▼b.:-: c. icna. we mean ihr l^imI of ^ 
I»v .'ji.wLua '.'\ -v....'.: "v ::^ -..vTrrh-r •:::-r i-r.-i'v i-d per>cen'*aje «dl lokc 

ila.lx-iiia .'Mil. ^ i ^ 1\": ;: .1 ii~.-.mi:c.j.:tf volume. The latter 
w.li .»»iluv' :i ..»».* * ■.-. ri '..e . c -.•:*: J* tlhioIv :o determine the 
ii'i.i'.iv'u .'. Nviiu- ■«a;- •.'-•il.-.r -s-i'-L^i-.a :: Tie aiitlve substance. If,(» 
• Ik 4 M.»!, : V .LCNiir^L '. x.i'.'.v th-r virij-'ivs. if specific rotatioii 
. ^ . 4 . . . . ' . . .'....; ^v ^ : - ^ ■.■:•• :.-o r' 10 Q : I ir.ii::i ve solvent present, 
.. v. \v:..»^ iv* ■• ..i.:- ;'.--■ ::>:li:i: :l rii-f lotive substance itselt,-- . 
ii . :. s» . i^ \ I ivi J "\ 'l:k.:i i" > f«i-tc::j.l *•> know the percentifl 

N, , . . .-.. '.">. '::iJ --?■.::« d.i>k mav indeed 

■ ., >- '-'i' ^ - ■*■- '- .ri-j.-*. .ill that is necessarv 

^.:i».^. : ".i.v- :!:. ■:«■■{ :j':.t also of the 
Li ::f.L V 1^-L.: .:' -. ".ition. The method 
^•::.cv/.-i: <'.:::ilrr. rs^q firing fewer we^ 
: \r< '.:j.:i '.r.. rrri.:-* ..f preparing an infc 
■ . : ! ri . V. ^: V. v . 1 ^rj.r ■: : solution , and 
. i Iv . • .: " 1: : >!■•;•: : r. • jrrj vit v. On the otte 
'..■..i. i: li-.s tho di-ki Ivantage that tb 
\vl.:::e ..-.v.:: '. z< tioarlv so accuratdv 
V ■ . ■ V : : « : : V. ^ ru ^; jla : t d riasks a3 with tlK 
•\ . •..•:-.u:cr. a:..; .ic* wo havo to deal witl 
.»-^;v". \o". .;:::<;:> o: :':.. solutions, it require 
\s ;;v'v ::!i:o to brin.: the whole to the noiW 
v:u;v::i:i;rt\ Moreover, it is not so easv» 
•u.*-;vv to prepare solutions exactly of th 
l^•l\v•.'.tas^Mlosirell. For exact observatioffi. 
• !u- viotonniuatv " ^i>ecitie gravity vitk 
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■ The graduated (lask, Fig. 54, whioli may have a capacity of 

to 50 cubic centimetrcfi, DcCL>r:3ing to the size of the poliiriscopa- 
be, should not be wider in the nei;k than 8 niillimetres at the most, 
d the mark should he pretty far down, so as to avoid any want of 
iformity iu the solution. The solution having been prepared 
proximately in the flask, or in some other vessel from wliieh 

can be removed to the flask, a thermometer is inserted before 
mlly adjusting to the mark, and the temperature brought to the 
indard (20° Cent.) by warming with the hand or some form 

water-bath. When the tempei'ature stands at 20° Cent, the ther- 
ometer should be removed, washed down with a little of the 
Ivent employed, and the liquid then brought accurately to the 
ark. 

From the weight of the known volume of solution so prepared 
H have at the same time approximately the spocifie weight, and by 
)plying, as iu § 69, the reductiou to vacuum, we may obtain a more 
rcurate value for the percentage composition of the solution. 



I 73. Sfandfmlmng llm Flaxks. —The volume of the graduated 
irms of flasks must be determined accurately in the true cubic centi- 
etre (tlie space, that is, occupied by 1 gramme of water weighed in 
\cuo at a temperature of 4° Cent.), If the measure is already marked, 
should be filled almost to the marlc with distilled water, a thermometer 
iserted, and the liquid warmed or cooled to the normal temperature 
, which the vessel is to he used (17'5° or 20° Cent,). Then withdraw- 
ig the thermometer, water should be added until the mark appears, to 
1 eye looking horizontally, tangential to the concave surface of the 
quid. The neck of the flask must be freed of ail adhering drops, and 
le weight of water determined. The reduction to vacuum may then 
3 made with sufficient accuracy, if we are using brass weights, 
y taking each gramme of water weighed in air as 1 milligramme 
w light.^ For p grammes of water, the corrected weight P 
■ill thus be P = ;j + 0-001 j>. If now the density Q of water at 
le temperutuj'e of the experiment t'^', relative to water at 4° taken 
3 unity, or, in other words, if the weight in grammes of 1 eubio 
entimetre of water at the tomperature t° is known, the volume in 



' Provided, that is, Uie weif-ht of watar does noteiKeed alMut lOOj^rammp". 
xger quantities, tlia viilim 000106 gramme or 1-Ofi miUigrunimeN givi:D in § 09 
a employed. 



146 



PROCESS OF DETERMINING SPECIFIC ROTATION. 



cubic centimetres V^ contained in the measure at the temperature 
given by the equation 

^' Q 

The density Q of water at different temperatures is show 
the annexed table, prepared by Rosetti^ from the results obtaine 
various observers (Kopp, Despretz, Hagen, Matthiessen, and Eose 
The values are given from 0° to 50° Cent., so as to allow 
capacities of graduated flasks or pycnometers to be CAlculatet 
any of these temperatures. 



t. 


Q- 


t. 
26" 




Q. 


0^' 


0" 


99987 


0" 


99687 


r 


0" 


99993 


27^ 





996G0 


2 


0- 


99997 


28° 





99633 


3^ 


0' 


99999 


29° 





•99606 


4-^ 


1 


00000 


30° 





99577 


6" 





99999 


31° 





•99547 


0' 


• 




99997 


32° 





•99517 


^1 





■99993 


33° 





99485 


S" 





99989 


34^ 





99452 


!) 





99982 


35 


(} 


9941.8 


10' 





•99975 


3(> 





993S3 


11 





•9906G 


37 





99347 


12' 




1 


•999i)5 


38- 





99310 


i;j' 


i ^ 


•99943 


39' 





99273 


14^ 


; 


•99930 


40'^ 





99235 


lo-^ 


i 


•99916 


41' 





99197 


H)^ 





•99900 


42^ 





•99158 


17-^ 





•99884 


43^ 





•99118 


IS" 





•998G5 


44° 





•99078 


19'^ 





•99846 


45- 





•99037 


20" 


! 


99826 


46^ 





•98996 


2r 


i 


99805 


47 





•98954 


22° 





•99783 


48" 





•98910 


23^ 





•99760 


49^' 





•98805 


24° 


1 

I 


•99737 


50^ 





•98819 


25° 





•99712 







1 Rosetti: Foffff. Ann., Erg. Btl. 5, 2G8. 
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Take the case of a flask holding 25*065 grammes of water at a 

nperature of 20° Cent., then the weight in vacuo P = 25*065 

0-025 = 25*09 grammes, and the capacity at 20° Cent, will be 

TTToTj^ = 25*13 cubic centimetres. 

With a width of neck of 7 or 8 millimetres, there will be 
iriations in the results of successive determinations, no matter 
)w carefully performed, amounting to about 0*05 cubic centimetre, 
or example, three subsequent measurements of the above flask gave 
istead of 25*13 cubic centimetres, the values 25*16, 25*11, 25*17 
Jspectively. Now a diflference of 0*05 cubic centimetre has an 
ppreciable effect on the determination of the amount of substance 
1 100 cubic centimetres. For instance, suppose the flask to hold 25 
ubic centimetres, and to contain 5 grammes of active substance, so 
lat the concentration c = 20 grammes, then a variation of 05 cubic 
3ntimetre in volume will represent a variation of 84 gramme in 
eight. The amount of error due to this source decreases the larger 
le flask, and the less the concentration, so that in a 50 cubic 
mtimetre solution containing 5 grammes of active substance, or 
= 10, the variation only amounts to 0*01 gramme. The degree 
which this error in the determination of the concentration of solu- 
3ns affects the value of specific rotation is stated in a subsequent 
ction (§75). 

To graduate a flask for a particular volume, the corresponding 
jight of water is weighed into it, and the level marked upon its neck 
' a line. The under- surface of the concavity of the fluid-meniscus 
taken as the reference level. For example, to graduate a flask 
hold exactly 50 cubic ceiitimetres at a temperature of 20° Cent., 
ere will be required — inasmuch as the previous table shows that 1 
bio centimetre of water at 20° Cent, weighs 0-99826 gramme — 
) X 0*99826 = 49*913 grammes of water to give the desired volume. 
gain, correcting for weighing in air, this amount will be re- 
iced by one-thousandth, so that 49*863 grammes of water at 20° 
3nt. must be weighed into the previously tared flask. Since, bow- 
er, the volume so determined is based on a single experiment only, 
is necessary, if we wish to be strictly accurate, to fill the flask 
veral times afterwards up to the mark, and take the mean of 
e several weights. The result so obtained almost invariably 
ffers from a whole number, and since in this way the simplicity 
even numbers in the calculations of concentration is lost, it 
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;8 of no importance to bestow apecial caze oil accorste drawing 
the mark. 

When A measare L^ tiaed ar :3ome rempaatnre ^ other than thati 
at which Ic haii been zraduated r. allowance must be made for thej 
cubic expansion oi siiuu, the eoe£eient of which may be takea 
aa 0'»»M}2o for V C«it- In t^alcnlating the volume at ^, the 
capacity at the temperamre of graduation being represented by Y^ 
we hare 

r, = T- '1 -H 0-000025 !f - f 'I where ^ > /. 
F- = r. 'I — 0-i}00<>25 t — f^ where f < ^ 



/ .^ 



5*0 account, however, need be taken of these variations it 
volume unless the di3erence of temperature is considerable and t]i6 
meaiiures of larsre size. 



J 74- llohr'i^ method of graduating measures used in titration 
14 different. For example, in the case of a 10<) cubic centimetre 
flacky 100 grammes of water at a temperature of 17*5^ Cent, are 
weighed into the flaak, and the resulting volume marked as 100 
cubic centimetres, the reductions to volume at 4^ Cent, and weight in 
tacuo being omitted. 

TIjc cubic centimetres thus obtained are somewhat larger than 
thfj true volumes, and, as the density of water at 17*6° Cent 
= !>087o, and a deduction of O'OOlOo gramme has to be made for 
weighing in air, the ratio between the two will be 1 : 0-9977. Hence, 
\j(} re^Juce ilohr's cubic centimetres to their true value, they must be 
divided by ()'0i)77. If, therefore, we use Mohr'a measures to deter- 
in in'; the con c^Tit ration -values of solutions, the values obtained will 
Ik; grcatrir, and so the specific rotations less than when true centimetre 
tJWJiHiiroM arc employed, and this in the above-stated proportions. 
A<;conlingIy, concentrations estimated in Mohr's cubic centimetres 
MJionld b(? niultiplicjd by ()1J977, and specific rotations calculated there- 
from »hould bo divided by 09977, to bring them to their proper 
\n\wH for true centimetres. 

Tlic definition of specific rotation presupposes the use of the 
inw. (u-niirnotro, and upon this supposition all scientific data thereto 
/(thitiri;.^ are bused. 

' Mohr : Lehrbuch der Titrirmethode, 4 Aufl. S. 37. 
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. Influence of the several Observation- Errors on 
Specific Rotation Values. 



§ 75. All the factors entering into the formula [a] = 



10*. 



L.ii.p 

— , are severally auhject to obsorvation-ercors, tho effects of which 
f be estimated as below : — 
1. Aa regards- the angle of rotation a, the experiments given in 
ihow that the values obtained by different observers with 
rent instruments do not in general vary by more than the 
predth part of a degree, and that the moan error for a single 
irvation may be taken as + 0-025. In tlie calculations following 
>ximum error of 0'05° has been allowed. 
. The length L of the tubes can easily be determined by the 
d described in § 66, so that the variation in a length of 100 
metres never e-xceeds 0'05 millimetre. 
, The specific gravity d of solutions Ciin be found accurately to 
laces of decimals by means of the pycnoraeter (see S§ 70 and 71). 
tnaximum error here, which may occur when the normal tempera- 
s been taken more than 1° wrong, or, in particular cases, when 
iorrection in vacuo has been omitted, may bo taken as O'OOl. 

. As regards tlie percentage compoaition }> of solutions, neglect 
iduce the weighings may involve an error of about O'Ol. In 
I, however, where filtering is necessary (see § GB), the peroentage 
B increased by evaporation to the amount ol' 0*OU5 in aqueous 
pons, and O'Oi to 0'U5 in alcoholic solutions for each 10 per cent. 
fctive substance. In choosing a value aa nearly aa possible appli- 
B to all liquids, 0-02 has been allowed in what follows as error 
r this heading. 

. In determining the concentration o (aeo § 73), an error of 
i gramme may occur in solutions containing 20 grammes of 
3 substance. This amount has been taken as a mean. 
I order approximately to estimate the actual influence of 
le errors individually on the value obtained for specific rotation, 
I following examples have been tabulated for substances having 
Kual rotatory powers in solutions of different degrees of con- 
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I'Rw;es.s of DtrrKRMiMXf; spECinr rotation. 



Error. 



I. Solid lOUH of Oil of Tffrpetitinr ui Atmhol. 



L. 



d. 



50 per cent. Solution. 







15-40' i 


100 1 


0-825 


49-97 


a • 


005 


15-54' 


100 ! 

1 


0-825 


49-97 


L - 


005 , 


16-40'' 


10005 1 


0-825 


49-97 


U . 


0001 


15-40' 


100 


0-820 


49-97 


/; .: 


0-02 


15-40' ■ 


100 


0-825 


40-99 


r. 


0-04 


15-40' : 


100 ' 




__ 



41-23 



— 41-27 



37-57 

37-70^ 

37'55' 

37-53' 

37-56^ 

37-53- 



30 iM;r (JC'ut. Solutiuu. 







0-23' 


100 1 


0-813 


29-97 


24-37 


37-88^ 


tt 


005 1 


9-28" 


100 


0-813 


29-97 




3809° 


A 


05 j 


0-23' 


100 05 


0-813 


29-97 


1 
! 


37-86^ 


U 


000 1 ' 


0-23' 


100 


0-814 


29-97 


1 

1 

i 


37-83^- 


V 


002 


0-23 


100 ; 


0-813 


29-99 


1 


37-85° 


r 


O'Ot 


0-23 


100 




1 


24-41 


37-Sl-~ 



10 prr rciii. Solution. 



A 
c 



OO/i 
O-O/i 
U'OOI 
02 
004 



3- 09 
3- 14 
3 00' 
3- 00" 
3'00" 

a-ow 



100 

100 

100-05 

100 

100 

100 



0-801 
801 
0-801 
0-802 
0-801 



10 
10 
10 
10 
10 



•01 
•01 
•01 
-01 
•03 



! U.A' 



8^02 



8-00 



38^54- 
39-lC° 
38-52° 
38-49° 
38-46° 
38-34° 
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ElTo 



r. 



II. Solutions of Cane-Sugar in Water, 



a. 






L, 



d. 



P' 



:1 



w. 



ms. 



40 per cent. Solution. 



a = 0-05 
X= 0-05 
i = 0-001 
p = 0-02 
c = 0-04 



31-17° 
31-22° 
31 17° 
3117° 
3117° 
31-17° 



100 

100 

10005 

100 

100 

100 



1-177 


1-177 


1-177 


1178 


1177 


— — 



39-98 
39-98 
39-98 
39-98 
40-00 



47-06 



4710 



66-24° 




66-36° 


0-11° 


66-21° 


0-03° 


66-18° 


0-06° 


66-21° 


0-03° 


6618° 


0-06° 



17 per cent. Solution. 



= 0-05 
1= 0-05 
rf =0-001 
p = 002 
e = 0-04 



12-06° 
12-11° 
12-06° 
12-06° 
12-06° 
12-06° 



100 

100 

100-05 

100 

100 

100 



1-068 
1-068 
1-068 
1069 
1-068 



16-99 
16-99 
16-99 
16-99 
1701 



18-15 



18-t9 



66-46° 




66-74° 


0-28° 


66-43° 


0-03° 


66-40° 


0-06° 


66-39° 


0-07° 


66-30° 


0-16° 



5 per cent. Solution. 





3-39° 


100 


1-018 


5-00 


509 


66-60° 


— 


a = 0-05 


3-44° 


100 


1018 


500 


— 


67-58° 


0-98° 


L = 0-06 


3-39° 


100-05 


1-018 


5-00 


— 


66-57° 


0-03° 


d = 0-001 


3-39° 


100 


1019 


5-00 




66-54° 


0-06° 


p = 0-02 


3-39° . 


100 


1018 


5-02 




66-3 i° 


0-26° 


c = 004 


3-39° 


100 






5-13 


66-08° 


0-52° 



.1 
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Error. 



III. Solutions of Nkotine in Alcohol. 



a. 



X. 



d. 



c. 



[a]. 



DifP. 



60 per cent. Solution. 



a 
Z 

d 

P 
c 



0-05 

0-05 

0-001 

0-02 

0-04 



83-69° 
83-74° 
83-69° 
83-69° 
83-69° 
83-69° 



100 

100 

100-06 

100 

100 

100 



0-920 
0-920 
0-920 
0-921 
0-920 



69-93 
69-93 
69-93 
69-93 
59-95 



55-14 



55-18 



151-79° 
161-88° 
161-71° 
161-62° 
161-74° 
161-67° 



0-09° 
0-08° 
0-17° 
0-05° 
0-12° 



30 per cent. Solution. 



a 
Z 

d 

P 
c 



0-05 

0-06 

0-001 

0-02 

0-04 



37-35° 
37-40° 
37-36° 
37-35° 
37-35° 
37-36° 



100 

100 

10006 

100 

100 

100 



0-856 
0-856 
0-855 
0-856 
0-865 



30-03 
30-03 
30-03 
30-03 
30-05 



25-68 



25-72 



145-47° 
145-66° i 0-19° 



M5-39° 
145-30° 
145-37° 
145-22° 



0-08" 
0-17° 
0-10*' 
0-25° 



16 per cent. Solution. 



a = 
Z = 
d = 

V = 
c = 



0-06 

0-06 

0-001 

0-02 

0-04 



17-47° 
17-62° 
17-47° 

17-47° 
17-47° 
17-47° 



loe 

100 

100-06 

100 

100 

100 



0-826 
0-826 
0-825 
0-826 
0-825 



14-96 
14-96 
14-96 
14-96 
14-98 



12-34 


141-66° 




141-96° 


— 


141-48° 




141-38° 


— 


141-36° 


12-38 


141-11° 



0-41° 
0-07° 
0-17° 
0-19° 
0-44° 
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According to the foregoing examples, then, it is the angle of 
nation above all that one needs to determine with the utmost 
5uracy, and the more so the less the angle is. The error in the 
sasurement of tube length influences the result but slightly, that in 
3 determination of specific gravity rather more, the eflfects of both 
tug greater the higher the specific rotation. As regards the error 
determining percentage composition and concentration of solutions, 
LS of course exerts a greater eflfect the more dilute the solutions. 
practice, however, the amount is not so great as shown in the 
•eg-oing calculations, because the amount of error in determining 
acentration and percentage composition is there assumed to be the 
ne for all solutions, whereas it diminishes with increased dilution. 

In general, indeed, the errors are seldom so large as they are 
mmed to be in the foregoing examples, and the smaller they can 
made the less of course will the result obtained differ from the 
le value. Besides, errors made by any single observer may be 
irtly positive and partly negative, and so become eliminated from 
e result. In any case it will be seen that careful working is 
quisite to get even the first place of decimals correct, and that in all 
(Searches of this kind it is necessary to know the degree of accuracy 
ith which the several measurements have been made before any 
idgment can be formed on the value of the final result. 



•J t J ■ ■ — — * 
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1 serve as a saccharimeter, if the graduated arc be replaced by a 
scale on which the corresponding sugar percentages can be read oft 
rectly. Instruments, however, on a diflferent optical principle have 
been constructed expressly for determining solutions of sugar. Of 
these so-called saccharimeters, now so extensively used in trade, the 
most important are the following : — 



(a.) The SoIeil'Ventzke-Scheibkr Sacchanmeter. 



§ 77. This very ingenious instrument was originally devised in the 
year 1848, by the Paris optician Soleil,^ and more recently improved 
by Soleil and Duboscq.^ In Germany, various alterations were made 
in the instrument by Ventzke,^ who introduced a different scale, and 
i also by Scheibler,* who devised important improvements in the 
mechanical arrangements. 

The optical principle of the instrument is based upon the 
^ following facts discovered by Biot : — 1. That when a polarized ray 
t- is transmitted through several media possessing rotatory power in 
different directions, their separate activities may become either 
^ partially or wholly neutralized, according to the lengths of the 
media. 2. That the rotatory dispersion of cane-sugar is the same as 
that of quaiiiz. White day or lamp-light is used- with the instru- 
ment. The optical parts are as shown in Fig. 55, the course of the 



Fig. 66. 
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f e 



G 




D 



■1 nsnx 
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light being from right to left. Starting from the right-hand side, we 
have : — 

A. The so-called regulator for restoring the sensitive tint, con- 
sisting of a rotating Nicol's prism a, and a plate of quartz 

* Soleil: Comptes Hetid., 24, 973; 26, 162. 
2 Soleil and Duboscq : Idem, 31, 248. 

' Ventzke: £rdm., Joiirn. fiXr praki. Chem. 25, 84; 28, 111. 

* Scheibler: Zeitsch. des Vereins filr Bilbenzuckerindustrie^ 1870^ 609. 



I-Jd rRAfTICAL APPLICATIONS OF llOTATORV POWEK. ^M 

b (dextro-rotatory or Uevo-rotatovy), grourni perpefl^f 
larlj to the Bxis. ^H 

B. The polarizer, for which an achromatized calc-spar prt^H 

■S^narmont's prism, or double quartz prism can be use^H 
is arriiuged with its principal section vertical. The p^H 
ized estraordinary ray is allowed to proceed aloQg the^H 
but the side wards -refracted ordinary ray is intercepted IB 
a diaphragm. The face of the prism towards A ia gnjuM 
convex, so that light may emerge approximately parallel 

C. The bi-quartz, composed of two plates, the one of dextro- 

rotatory, the other of 1 a; vo- rotatory quartz, fitted accuralelj- 
together. They may be either 375 millimetres o 
millimetreB thick, and are fixed in a brass case, so that the 
line of junction remains vertical (A front view is shown 
above C) 

D. like erperimenlal lube. 

E. The ao-ca\le£ rotalion-compeiisalor. This consists of a plate of 

quartz c, which may be dextro-rotatory, in which case the 
other two plates, d, must be made of lasvo-rotatory quarfa 
The latter are ground to a wedge shape, and are made W 
slide over one another, so that tbeircombined thickness msj 
be made either equal to that of c, or greater or less, 
the distance moved to effect any particular adjustment 
being shown by an attached scale. 

The plate c may be made of left-handed quartz, but in 
that case the wedgea must be right-handed. 

F. The analyzer, which may consist of an achromatized calc-sp^r 

prism. Its principal section must be arranged paraUel i ■ 
that of the polarizer B, in case the thickness of the bi-qimn 
of the instrument, C, is 3"75 millimetres, and perpeadiculni' 
thereto when the thickness is la millimetres, 

G. A small Galilean telescope, consisting of objective e and eye- 

piece /. The latter is to be adjusted so that the line ni 
junction of the plates of the bi-quartz C is sharply defimJ 

§ 78, In order clearly to understand the action of the several 
parte, let us suppose first that we are merely dealing with lln 
polarizer B and analyzer F, and that these are arranged with prin- 
cipal sections parallel, and the field at its maximum of illuminatioiL 
Let the active bi-quartz C be now introduced between B and F\ th* l 
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[lute liglit coming from B will thus bo rotutetl, and suffer dccom- 
Dsition into its component coloured rays. Now of the emergent 
lys, tbose wlioso plane of polarization is at right angles to that of 
|ie analyzer will not be transmitted ; and should these be tlie yellow 
^ys, the remainder will, in transmission, combine to a pale lilac 
{tixed tint which, with the slightest alteration of the plane of polar- 
" Ltion, passes either into pure red or pure blue. This, intermediate 
lour has been already referred to in § 47 as the sensitive or Iraniiiion 
tni. With the polarizer and analyzer undisturbed in their parallel 
ition, the sensitive tint will appear when the bi-quartz C has the 
hickness requisite to rotate the yellow rays exactly 90° to the right 
' left. This requires a thickness of 3"75 millimetres, since, according 
' Biot, a thickness of 1 millimetre of quartz rotates mean yellow 
lya through an angle of 24°, whence wo get the propoition, 
^ : 1 i^ SJO : 3"75. K, on the other hand, the corresponding planes 
polarizer and analyzer were set at right angles to each other, a 
^pion through 180" would be required to elimfnate tlie yellow rays, 
^Khe bi-quartz must then have a thickness of 7'5 millimetres. In 
^malf of the bi-quartz the sensitive tint is produced by dextro- 
^Bion, in the other by Iecvo- rotation, and as the thickness of the 
Haides is equal, the tints produced will be the same. 
HkLet the compensator E now be put ia its place, the quartz 
^KGS being so adjusted that their combined thickness is exactly 
^b to that of the quartz plate c. As the rotatory powers of c and d 
Bn opposite directions, they neutralize each other, and the sensitive 
■ still occupies the field of vision. This position of the wedges 
Hesponds with the zuro-point of the scale. If, however, we shift 
^Belative position of the wedges, the transmitted coloured rays will 
^fc rotation, and the analyzer will eliminate those of which the 
^Bm of polarization are perpendicular to its own. The other rays 
^ni pass on combine to produce a new chromatic mixture, which 
^ft necessarily, be unlike for the rays transmitted by the respective 
H^ of the bi-quartz C. Thus, if the compensator be so adjusted 
^■il« action is dextro- gyrate, the rays contributed by the destro- 
B(Dry half of the bi-quartz will undergo an increase, and those 
^Kig from the licvo-rotatory half a decreast^, in the amount of their 
B^n. Seen through the analyzer, the two halves will thus appear 
Hfently coloured — green and blue predominating in one, red and 
Hge light in the other; and these tints will change places when 
Kection of the compensator is la?vo-gyrate. 
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10?^ PRACTICAL APPLICATIONS OF ROTATORY POWER. 

Lastly, having again set the compensator to zero and 
dueed the sensitive tint, let a tube filled with an optically-actii 
solution be introduced. A splitting of the field of vision into 
different coloured halves will once more occur. By sliding 
quartz wedges, d, so as to produce rotation opposite to that of 
solution, a position may be found where the action of the latter 
annulled, and this will be indicated when the halves of the field 
vision again exhibit uniformly the sensitive tint. The rotatory po^ 
of the substance introduced can thus be measured by the amount 
change in the combined thickness of the quartz wedges, f/, as indicated] 
by the amount of adjustment required to bring into view the sensitive j 
tint. 

For the proper action of the compensator, it is, however, requi-l 
site that the active solution should have the same dispersive power as 
quartz, otherwise the effects of dispersion due to the solution will noil 
be exactly neutralized by the opposite dispersion of the quartz. A«j 
before stated, § 18, this is the case with cane-sugar ; but there 
many substances which do not fulfil this condition, as, for insi 
cholesterin, and in such cases, at least with strong rotations, 
compensator can no longer be adjusted so as to restore a perfe 
uniform colour to the field of vision. With Soleil's instrument, 
exact data are therefore onlv attainable in the case of substances 
whose rotatory dispersion does not materially differ from that of quartz. 

The sensitive tint makes its appearance as above described when 
ordinary white light is used. When, on the contrary, lamp-light is 
employed, which contains the coloured rays in somewhat different 
proportions, there appears instead not the blue-violet, but a red- 
dish tint, and a similar alteration may occur when the active 
solution is itself coloured. In this wav arises the need for vet 
another addition to the instrument, namely, the regulator A, by 
^vhioh we can still produce the sensitive tint. It consists of » 
rotating JTicol prism, </, and a quartz plate, b, both placed in front 
of the polarizer B. When light which has been polarized by the 
Xicol falls on the quartz plate, it undergoes rotatory dispersion, and 
according to the position of the Nicol in reference to the polarizer,^} 
so will certain rays suffer total extinction by the polarizer or be 
transmitted by it with diminished intensity. In this way we are 
able to weaken the red and yellow rays of lamp-light, and so admit 
to the bi-quartz, C, a selected mixture of rays, which, in consequence 
K'i the rotation rh'.re experienceil, repro^luccs the sensitive tint. As 
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polarizei', B, brings the traiiHmitted raya into one plane of 
irization, the two halves of the bi-quartz will appear coloured 
ike, the tint being variable at will by turning the Niuol «. A 
,r process is adopted iu dealing with coloured solutions. The 
lour of the latter should, however, never be more than faint, 
lerwise too much light will be lost by absorption. 

The two portions forming tlie regulator cau be placed at the 
re-eud instead of the light-end if preferred, as is done in instru- 
ents of French make. 

§ 79- The external form of Soleil's saccharimeter with Scheibler's 
provements is shown in Fig, 56, which represents the instrument 
supplied fay Berlin opticians.' 

On u brass stand rests, with horizontally rotating motion, a 
lackencd melal trough, // h, in which the experimental tube £ is 




Jaid, the upper half of the trough serving as a cover, which can bo 
«hut down during observations ao as to exclude extraneous light. 
The end of the trough nest the light— in the Fig. the right-hand 
— is connected with a brass tube enclosing at one end the bi-quartz 
D, at the other the polarizer C. lut.o this tube fits the rotatory 
tube, A B, containing the regulator with its Nicol at A, and the 
quartz plate at £. The rotation of the tube is effected by wheel and 
pinion movement, worked by means of a rod with the milled-head 
Z. The ocular part of the instrument contains at <z the quartz 
plate of the compensator, and at E F the two quartz wedges. Each 
uf the wedges is cemented to a similar wedge of glass, so as to form 
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I[ with tho slightest displucement bacbwarua or forwards 
s movable quartz wedge produces the most distinct colour- 
entiation in the two Bcmi-ciralos. Thus it will be found that if we 
with a uniform deep-red or doep-blue tint, the quartz wedge has to 
;oved much further before wo can distinctly recognize a. difference 
nlour iu the halves, than if we had started from a uniform bright 
lijLet tint. For most eyes the bestpositiou of the regulator is that which 
jves a sensitive tint most nearly approaching to white. Here a very 
light movement of the quartz wedge will cause one half to exhibit 
!:iint greenish tinge, and the other a flesh-pink, which on further 
.■iiing of the milled-head, M, passes into green and orange-red 
.-[icccively. In arranging the regulator for this position we do 
not get exactly the ordinary sensitive tint— the reddish- purple, 
hich denotes most perfect extinction of the yellow light. Some 
: the yellow rays are allowed to pass, thereby making posbible 
le green and orange colours which appear. It ia, however, in 
ier respects immaterial which tint is chosen for purposes of 
bservation. 

3. Having once decided upon the sensitive tint, the quartz wedge 
I adjusted to give the greatest possible similarity of colour in the 
alvea of the field and the corresponding reading on the scale noted. 
his should be several times repeated, the mean of the readings being 
kea as the zero-point of the instrument. Should this not coincide 
ith the zero-point of the scale, the latter must be adjusted, by 

slightly moving the screw referred to in § 79 as being fixed on the 
Ijiiiss frame of the wedge. The position of the zero-point must be 
vi.iified from time to time. Moreover, it ia found to vary con- 
^iiiorably for different eyes, 

4. If the tube be now filled with a solution of cane-sugar and laid 
iu its place, colo or- dissociation at once takes place, and may he made 
to vanish again by moving the quartz wedge in such a way that 
the 100 point on the scale ia made to approach the zero-point of the 
tixed vernier. If the solution be perfectly colourless, the screw X, Fig. 
6(1, which manipulates the regulator, need not be touched ; but if, on 
iht! contrary, as frequently Ijappens, it has a yellowish tinge, we must 
disturb the screw a litlle to the right or loft, until we obtain, as nearly 
as possible, the tint used in fixing the zero-point. By making several 
euch adjustments of the quartz wedge to the position iu which colour- 
uniformity is sliown, we arrive at un ucourate determination of the 
rotation. With a little practice, it « IU be found easy to get observa- 
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':^ i:< no: wiryiii^ r'r'.rii •■::•: j.:iocI:er Ly more than 0*4 diris:— .-- 
-»\i.^- .1' :L..- aio»r. p'-'..\ :«ie<l rLa: the ir;»:ru!nent is wel] c z^sTir* 
^^ iLiv ^r*.:i:i.r «i:5'.r.r.«.- ^ ■.«:iLLr. j-^ will be the ease- wi:h. c*'^ 
M iirii'us 'ii'j LLiim'oer '.'r"'j- si.-rvj.riijri's mu>t be iuereased. Asi' 
i:\o div va«.»u^li L.J i'.tcruii-e tLe mean value witLia — 'W '"';i 

T:iU ii:-::':::-^::' ii. ..icuOT'se, uniuited for the colour-bliLi 
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V.-:.:/!v:\ is :: iv.:-: by lay::: :^ in tiie i:.-:ru;i,v:ir a tube 2 d«in:u 
!.«::^. ::::cvl .vi::: n- :!.-.:- u^ s^Lu'i^a ot* pure sugar, harin? a: i 
\<^\\ i\- :".i ' u !r • :' !. T • * <."•:■ :: * . i ^ ret.- iric ^rj \-i t y o f 1 • 1 and "marka 
t!'.^ r-:-:: ,r' v . ■. " ^.-rv-i .Lvi^::.- a> Iw. A solution of theal 
vu':'<:'\ ov':'M::> ::: I'"' c l'jj: ..■i.ri'Lnitrre.-s exautly 26-04S orammes 
MU'iv. so :l:a: :: ca:: I-.* rii.r^j nrii^j-ly prepare.! by weighing this qi 
i:'\ a:v. :u- lir.: :'::«: rr-iVtr Lin;...u:it o: WiiU-r. The space beti 
I •'.,• I ■ « • vol:-.: .IV. 1 rL:o /. r-.-poi::: l> rhen divMed into one hundred 
j'.i- ^, a:;vl :'..c .:r-.i i i:a:: n txr.ii.L.d some w^y ;:30 or 40 divisions) 
!::o v';:u--x:io .-: :Lj zer'>>.i:.t.^ As c-aiie-suirar is dextro-rotatoi 
I '.v- lav.c:- ^-ix-^-oT-.s o: :Iic n^uIc will indicate larvo-rotation and 

V.v:- v.^ :' .i: .levi^ri :i is exactly proportional to concentrutii 
..:.'• *i ^ - •" I N c:;'.'k:'> ^ca.o will iii-iicate a sugar value of 0"2i 
.•-;m,' :■.', ; ■ • ,;;•-:.• Lcr/.iructres of solution {or 2*6048 ffra; 
.. : :'.-.x- VA-AliiiLTly tlio process fur estimating a sacchariDe soltll^^f 

r.^ .; ..-xm:;o r" ^"-.tnrtnm ix.\w nuM;-.or of grammes ofsuJ'^^^^ 

:■'■' -■•v vv'v.-:nu-iv>i of x.lutiMii.., we till a 2 decimetre talJP^^' 

^x ■■ -^ :-■•, v.'to ll.v ilovi:irL,u nu the scale, and multi]M*'^"^' 

• •■ .^ .:.,:uv< by N-j,;„is;. The solution must not, 4^^^^ 

.- ■:- MN-v liiau •J.i-oiS grammes of sugar in 100 cubif ^^1^ 

^ . . u.so ilic iudicati^.n on the scale' would pass oi 
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timate the value of a crude sugar, for instance, 26048 grammes 
substance are dissolved in water, diluted to 100 cubic centimetres, 
id observed in a 2 decimetre tube. The degree of deviation expresses 
rectly the percentage of pure sugar in the substance. 

If instead of 26*048 grammes we had used some other weight P 
* liquid, or solid saccharine matter, in preparing the 100 cubic cen- 
metre solution, then, taking the degree of deviation observed in a 
decimetre tube as a, the percentage composition will be 

26-048 x« 

Moreover, the percentage weight of a sugar solution can be calcu- 
ited from the concentration as determined directly, provided we 
low the specific gravity — that is, the weight of 100 cubic centi- 
letres. 

When a tube 1 decimetre in length is used instead of a 2 deci- 
5tre tube, the scale-readings must, of course, be doubled ; similarly, 
using a 4 decimetre tube, they must be halved. 
For the method of preparing sugar solutions for the sacchari- 
^inctcr, see § 92. 

The original method as used by Ventzke was to prepare, by means 
of an areometer, a solution of the saccharine substance to be analyzed 
^of a specific gravity 1*1, and to examine this in a 2 decimetre tube. The 
Ejbhserved deviation was then taken as giving directly the weight per 
"_cent. of sugar in dry substance. This method, however, w^hich was 
intended to dispense with all weighings, does not yield accurate 
results, as the salts contained in natural sugars always have a specific 
gravity different from that of the sugar itself. It has therefore been 
abandoned, but the awkward normal weight of 26048 grammes con- 
tinues in use. It would be much more convenient to substitute some 
ampler figure— as, for example, 20 grammes— in which case, how- 
ever, a re-calculation of the tables prepared for Ventzke's instrument 
irould be necessary. 

§ 82. Correction of Saccharimeter- Readings for dig Id Dinpro- 
J^ionality heticeen Rotation and Concentration, — As shown by tiie 
researches of Schmitz and Tollens, already described § 37, the specific 
i^tation of sugar, is not constant for solutions of difierent concentra- 
tions, but increases inversely as the concentration. Thus, given 
that a solution containing 26*048 grammes of sugar in 100 cubic 
centimetres records 100 on the scale of the sacclaaxiiu^V^T , \\iVi \vi'^$Cw\^ 
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5 ^ tho corrected number of grammes of sugar in 100 cubic centimetres of 

solution. 

6. c —y the difference between the assumed and corrected values of the 

concentration. 

7. -1- or ^, the corrected scale -reading. 

Q 26-048 Q' 

N 

8. JV— -pr- the difference between the corrected and uncorrected pcrcoi>tagos. 
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26048 

23-443 

20-838 

18-234 

16-629 

13-024 

10-419 

7-814 

5-210 

2-605 
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= 66-322° 
= 66-344° 
66-366° 
66-388° 
66-409° 
66-431° 
66-453° 
66-475° 
66-497° 
66-519° 1 



1-00000 
1-00035 
1-00070 
1-00101 
1-00132 
1-00165 
1-00198 
1-00232 
1-00205 
1-00297 



26-048 

23-435 

20-824 

18-216 

15-608 

13-003 

10-398 

7'790 

5-196 

2-597 



0-000 
0-008 
0-014 
0-018 
0-021 
0-021 
0-021 
0-018 
0-014 
0-008 



Q 



100 
89-969 
79-945 
69-930 
59-920 
49-917 
39-921 
29-930 
19-947 
9-970 



8. 



^-^ 



0-000 
0-031 
0-055 
0-070 
0-080 
0083 
0-079 
0-070 
0-053 
0-030 
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As the and 100 marks of the saccharimeter scale, indica- 
ing gramme and 26*048 grammes concentration respectively, are 

E^en as fixed, the difierence between the corrected and the 
_ corrected readings will be greater the further their distance from 
lese points, and greatest midway between them. This is shown 
Id cols. 6 and 8. 

The fact that the formula above given for the calculation of 
specific rotation refers to ray D, whereas observations with the Soleil- 
Scheibler saccharimeter are taken with the transition tint, has no 

jffect upon the results, the ratio ^-^ being the same for all rays. 

[«Jn 

The difierences between the corrected and uncorrected values 
re thus seen to be not inconsiderable for solutions of medium ccm- 
entration. The corrections required have been calculated by 
Ichmitz for each degree of the saccharimeter scale and embodied in 
he accompanying table : — 
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Degrees of 
Saccharimcter 


Corrected 
percent. 

1-00 


Grammes of Sng^ in 100 onb. 


cent. Solutioii 








Scale. 


Uncorrected. 


Corrected. 


Difference 


1 


0-261 


0-260 


1 

0-001 


2 


1-99 


0-521 


0-519 


0-002 

1 


3 


2-99 


0-781 


0-779 


0002 


4 


3-99 


1042 


1-039 


, 0003 


5 


4-98 


1-302 


1-298 


j 004 


6 


6-98 


1-563 


1-558 


i 0005 

1 


7 


6-98 


1-823 


1-817 


006 


8 


7-98 


2 084 


2-078 


006 


9 


8-97 


2-344 


2-337 


0007 


10 


9-97 


2-605 


2-597 


0-008 


11 


10-97 


2-865 


2-857 


0-008 


12 


li-97 


3 126 


3-117 


0-009 


13 


12-56 


3-386 


3-376 


0-010 


14 


13-96 


3-647 ! 


3-637 


0010 


15 


14-96 


3-907 


3-896 


0-011 


16 


15-96 


4-168 


4-156 


0-012 


17 


16-95 


4-428 


4-416 


0012 


18 


17-95 


4-689 


4-676 


0-013 


19 


18-95 


4-949 


4-936 


0013 


20 


19-95 


5-210 


5-196 . 


0-014 


21 


20-95 


5-470 


5-456 


0-014 


. 22 


21-94 


5-731 


6-716 


0015 


23 


22-94 


5-991 


6-976 


0-015 


24 


23-94 


6-252 


6-236 

* 


0-016 


2d 


24-94 


6-512 


6-496 


0-016 


20 


25-94 


6-773 


6-756 


0017 


27 


26-94 


7033 


7016 


0017 


28 


27-93 


7-293 


7-276 


0-017 


29 


28-93 


7-554 


7-536 


0018 


30 


29-93 


7-814 


7-796 


0-018 


31 


30-93 


8-075 


8-056 


0-019 


32 


31-93 


8-335 


8-316 


0-019 


33 


32-93 


8-596 


8-577 


0-019 


34 


33-93 


8-856 


8-837 


0-019 


35 


34-92 


9-117 


9097 


0-020 


36 


35-92 


9-377 


9'367 


0-020 


37 


36-92 


9-638 


9-618 


0-020 
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agrees of 
iliarimcter 
Scale. 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

62 

53 

54 

5G 

57 

58 

69 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 



Corrected 
per cent. 



37-92 

38-92 

39-92 

40-92 

41-92 

42-92 

43-92 

44-92 

45-92 

46-92 

47-92 

48-92 

49-92 

50-92 

61-92 

62-92 

63-92 

54-92 

55-92 

66-92 

67-92 

58-92 

69-92 

60-92 

61-92 

62-92 

63-92 

64-92 

65-93 

66-93 

67-93 

68-93 

69-93 

70-93 

71-93 

72-93 

73-94 



Grammes of Sugar in 100 cub. cent. Solution. 



Uncorrected. 



9-898 
10-169 
10-419 
10-680 
10-940 
11-201 
11-461 
11-722 
11-982 
12-243 
12-503 
12-764 
13-024 
13-285 
13-545 
13-805 
14-066 
14-326 
14-587 
14-847 
15-108 
15-368 
16-629 
15-889 
16-150 
16-410 
16-671 
16-931 
17-192 
17-452 
17-713 
17-973 
18-234 
18-494 
18-755 
19-015 
19-276 



Corrected. \ DiflPerence 



9-878 
10-138 
10-398 
10-659 
10-919 
11-180 
11-440 
11-701 
11-961 
12-222 
12-482 
12-743 
13-003 
13-264 
13-524 
13-784 
14-044 
14-305 
14-666 
14-826 
15-087 
15-347 
16-008 
15-868 
16-130 
16-390 
16-651 
16-912 
17-173 
17-433 
17-694 
17-954 
18-216 
18-476 
18-738 
18-998 
19-259 



020 

0-021 

0-021 

0-021 

0-021 

0-021 

0021 

0021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-022 

0-021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-021 

0-020 

0-020 

0-020 

0019 

0-019 

0-019 

0-019 

0-019 

0-018 

0-018 

0-017 

0-017 

0-017 
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Degrees of 
Saccharimctcr 


Corrected 


Grammes of 


Sugar in 100 cub. 


cent. Solution. 






Scale. 


per cent. 


Uncorrected, 


Corrected. 


Difference. 


75 


74-94 


19-536 


19 


•519 


0-017 


76 


76*94 


19-797 


19 


781 


0-016 


it 


76-94 


20-057 


20 


042 


0-015 


78 


77-94 


20-317 


20' 


302 


0016 


79 


78-94 


•iO-578 


20' 


564 


0-014 


80 


79-95 


20-838 


20 


•824 


0-014 


81 : 


80-95 


21-099 


21 


086 


0-014 


82 


81-96 


21-359 


21' 


346 


0-013 


83 


82-95 


21-620 


21' 

1 


608 


0-012 


84 


83-95 


21-880 


21 


868 


0-012 


85 


84-96 


22 141 


• 22' 


130 


o-ou 


86 


85-96 


22-401 


. 22 


391 


o-oio 


87 


86-96 


22-662 


22 


652 


0010 


88 


87-96 


22 922 


22' 


912 


0-010 


89 


88-97 


23-183 


23 


174 


009 


90 


89-97 


23-443 


23' 


435 


0-008 


91 


90-97 


23-704 


23 


696 


0-008 


9J 


91-98 


23-964 


•23' 


957 


0-007 


1)3 


92-98 


24-2-25 


24' 


219 


0-006 


94 


93-98 


24-485 


24 


•480 


0-005 


95 


94-98 


24-746 


24 


742 


0-004 


96 


95-98 


25-006 


25 


002 


0-004 


97 1 


96-99 


25-267 

1 


25 


265 


0-002 


98 


97-99 


25-527 


25 


525 


0002 


99 


98-99 


25-788 


25 


•787 


0-001 


100 


100-00 


; 26-048 


26 


•04S 


0-000 



As will be seen by comparing cols. 1 and 2, the corrected p'l 
ccntages at points between 17 and 84 on the scale, differ from the actm 
readings by amounts ranging from O'Oo to 0*08. Within thes 
limits, therefore, and reckoning percentages to tenths only, it wi 
suffice to deduct 0*1 per cent, from the actual readings. With roU 
tions of less than 16 or more than 85 scale degrees, such as occur i 
the analysis of natural sugars and their refined products, the corrct 
tion is superfluous. 
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§ 83. To convert the degrees on Vi'ii(z!;e's mik into true rofatioii- 
(jn'cs, as is necessary when the specific rotation of a substance 
to be determined with this instrument, the formula {_a]i> = 66*541 
■ 0'0084153 c, given in § S2, can be used. With concentration 
= 26-048, .[ajn = 66-;i22, and determining the angle of rotation 
Ten by such solution, in a tube 2 decimetres long, from the equation 

"■ '^J'y.„ = 66-322 we get [o]d = 34-55°. That is to aay, a 

X 26-048 

lutton of 26'048 grammes of Hugar in 100 cubic centimetres, which 

itates mean yellow ray ./ to the amount of 100 divifiions on the 

entzke scale, would record on instruments having angular gradua- 

3n a rotation of the sodium ray U through an angle of34'£5°. 

ence, 

.° Ventzko'a scale (ray^) = 0-3455° angular measurement (ray Z*). 

And further assuming the dispersive power of the substance to 
i equal to that of quartz, in wliieb, as wo have seen (g 18), the rota- 
ons for rays D and ./are to one another as 1 to 1'1306, we obtain:— 
1° Ventzkc's scale {ray J) = 0-3906° angular measurement (ray j). 

Another mode of arriving at these relations is afforded by the 
bserved fuct (see § 18) that a quartz plate 1 millimetre tbick rotates 
*y J) through 31'67° and rayy through 24-5° angular measure. In 
subsequent table (§ 91) the angles of rotation of ray D for sugar 
alutions of various degrees of concentration, in 2 decimetre tubes are 
iven, from which, by interpolating for the decimal figures, it appears 
liat to give an angle of rotation of 21-67°, a solution must contain 
6-302 grammes of sugar in 100 cubic centimetres. This concentra- 
ion, it will be seen from the table already given, g 82, corresponds 
'ith a reading of 6'i-6G2 divisions on Ventzke's scale. It is evident, 
hereforo, that by dividing the angular values 21-67° and 24'5° by 
but number we obtain the value of 1° Ventzke. Thus :— 
1° Vcntzke (ray^) = 0-3458 angular degrees (ray D), 
1° Tentzke {ray J) = 0'3910 angular degrees (ray ,/), 
aluea whicb agree almost exactly with those previously obtained, 

^S4. Correction of Errors due to Imperfect Comtruelion. — 
ng a new instrument, it ia nocoaaary previously to test the 
•orreotnesa of the scale. When the zero-point of the instrument 
i«8 been c.ircfuUy lixed, and brought, by means of the adjust- 
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incnt 8cr<*w, to coincide exactly with the zero-point of the gradnatioi^ 
the introduction of a 2 decimetre tube filled with a solution otj 
20048 grammes of sugar in 100 cabic centimetres, should give I 
rotation of exactly 100 on the scale. 

For this experiment it is necessary to use specially prepared 
pure sugar only. The best refined still contains from 01 to M 
per cent, of inorganic matter, and does not record more thai 
99 '8 to 99*9. In sugar-candy, the frequent presence of inTert- 
sugar, recognizable by its reduction of Feb ling's copper solution, 
causes it to record a rotation likewise too low. To obtain a pure 
material, sugar-candy should be repeatedly crystallized from alcoiMiI ; 
of about 85 per cent. Or it may be prepared by putting one part 
sugar-candy in half its weight of water and heating till it disaolfB^ 
filtering the hot solution into a porcelain dish, adding two paitl 
absolute alcohol, and stirring frequently till it cools. The sugir 
crystallizes out as a fine powder, which should then be brought upoft 
a filter and washed, first with dilute, then with strong alcohol, and 
dried at a temperature of about 60° Cent. The product thus obtained 
does not yield more than about 0*005 per cent, of ash, and has so 
action on Fehling's solution. 

If now a solution of 26048 grammes of sugar so purified does nofc 
give a rotation of exactly 100 divisions of the scale, the reading being 
either too high or too low, it will be necessary, before using the 
instrument, to determine the particular normal sugar weight belonging 
to it. Suppose, for instance, that the above solution has given the 
reading 100*3° on the scale, the sugar-percentage answering to a 
reading of 100 must be determined from the proportion 

100-3° : 26-048 grammes = 100° : x 
whence x = 25*970 grammes. 

So that in all applications of the instrument the normal weight 
must be taken as 25 "970 instead of 26*048 grammes, and 1° of the 
scale must be understood to indicate 0*2597 gramme sugar in 100 
cubic centimetres solution. In this way accurate results can be 
obtained with such an instrument, but it presents the disadvantage 
that all tables calculated for the number 26*048 are useless, and must 
be reconstructed. 

If the 100 point has been found in its proper place, still the 
fBcale, which is supposed to be equally graduated throughout its length, 
must be tested at a few other points as well. 
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Proceeding, according to Schmitz's table, given in § 82, solutions 
prepared containing respectively 19*519, 13'003, and 6*496 
nimes of pure sugar, which should give rotations of 75°, 60°, 
and 25° respectively. If, however, important discrepancies should 
occur in the readings, then it becomes necessary to prepare a whole 
series of solutions of known saccharine strengths, note the degrees of 
rotation indicated by each, and then draw up a special correction- 
taible for the instrument. This is best done by the graphic method. 

Errors of this kind appear when the four faces of the two quartz 
"dredges of the compensator have not been ground perfectly true, so 
Ibliat differences in the total thicknesses of the compensators, produced 
"by the sliding of the wedges, are not perfectly proportional to the 
differences of reading on the scale. Scheibler ^ has given a method 
by which such errors, which are of frequent occurrence, can be eli- 
minated, at least when we are dealing with rotations exceeding 80°. 
This, the so-called method of double observation, most generally 
used in the analysis of natural sugars, is as follows : — A sample of 
26*048 grammes is made into a 100 cubic centimetre solution, or more 
eommonly 13*024 grammes are taken and a 50 cubic centimetre 
solution prepared, and the rotation observed in a 2 decimetre tube in 
the ordinary way. If the degrees indicated be, let us say, 94'2** 
(which should therefore be the sugar-percentage), this result will be 
correct provided the quartz wedges at the point corresponding to this 
reading are of the proper thickness. To test this, we must calculate the 
concentration required to give a rotation of 100° by the proportion 

94*2° : 13*024 = 100° : x 
whence x = 13*826. 
A 50 cubic centimetre solution must then be prepared with 
13*826 grammes of the sugar to be analyzed, and the rotation observed 
in a 2 decimetre tube. If it gives 100° on the scale, the first result, 
942 per cent., is correct. 

If, however, the second solution does not give exactly 100°, but 
some less number, as 99*6°, in that case the result of the first observa- 
tion is incorrect. The correct sugar-percentage can, however, be 
easily ascertained, as it must stand in the proportion 

13*826 : 99-6 = 13*024 : x 
X = 93*8. 
The true sugar-percentage is accordingly 938, and thenumbcr of degrees 
indicated on the scale in the first experiment (94*2) was 0*4 too high. 

1 Scheibler: Zeilsch. des Verehis fur HiibeHZKckcrhiduHrie, 1870, 212; 1871, 318. 
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If, again, the second experiment gives, say, 100*2 instead of ll 
the proportion will then stand : — 

13-826 : 100-2 = 13024 : x, 
and the correct sugar-percentage will be 

X = 94*4 per cent. 
In this way errors arising from imperfect construction of the quarti 
wedges can be eliminated, and as the second observation invariably 
lies close to the 100 point, the position of which has already beeE 
accurately fixed, it is found that the results given by different instru- 
ments correspond within + 0*1 per cent., while by the ordinary 
method the differences between them may be much greater. As to the 
effect of the imperfect proportion between rotation and concentration 
upon this method, we have already said (§ 82) that when we are dealing 
with sugar-percentages recording more than 84°, such as we find in 
crude sugars, it may be neglected. When, however, the solutions 
indicate deviations ranging from 30° to 76°, this is no longer the case, 
and the method of double observation fails to afford correct results. 

It will be seen from the foregoing remarks that the quartz-corn- ' 
pensation principle in polariscope instruments involves considerable 
difficulties. Errors and corrections, like those just mentioned, do 
not occur in instruments with rotating Nicols (Wild's and Laurent's); 
moreover, these give generally more accurate results.^ For the 
method of verifying the length of solution-tubes see § 66. For the 
influence of glass end-plates see § 64. 

§ 85. Influence of Temperature on Determinations bt/ the SaC' 
charimeter, — The normal temperature at which the determination of 
the 100 point is made being 17*5° Cent. (63*5 F.), the experiments 
will ordinarily be made at some other temperature ; for the experi- 
mental tubes not being usually provided with water-jackets, but 
exposed to the air, are subject to any variations in the temperature 
of the apartment. It is true, indeed, as Tuchschmid's ^ researches 
have shown, that the specific rotatory power of sugar is not in itself 
affected by heat, but the directly observed deviation is influenced 
thereby. Thus, when the temperature rises, the length of the tube, 

^ Schmidt and Haensch, opticians, Berlin, have lately brought out a half -shade in* 
stniment, with quartz- wedge compensators and Ventzke's scale. This instrument admite 
of much more accurate adjustment than the usual bi-quartz colour instrument. The 
variations do not exceed O'l division and they can be used by colour-blind persons. 

2 Tuchschmid : Journ. fiir prakt. Cliem.^ Now Ser. 2, 235. 
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e one hand, is increased, while, on the other, the density of the 
ined solution is reduced by its increase of volume. The former 
to increase the deviation, but this tendency is overpowered by 
irger decrease due to the latter. Mategczek,^ taking as his basis 
lilatation-coefEcient of glass, §66, along with Gerlach's^ re- 
bes on the density of saccharine solutions at different tempera- 
, has calculated the variations arising from this source. He gives 
e for Ventzke's scale, of which the following is an abridgment : — 







Grammes of 




Saccharimeter 


Sugar in 100 




degrccH 


cub. cent, of 


Tomperaturo. 


recorded by a 
Solution 


Solution, 
coiTespouding 




normal at 17*5° 


to 1 degree on 




Cent. 


the Scale. 


10° 


100' 


17 





26004 


11° 


100- 


14 


0' 


26010 


12° 


100* 


12 


0- 


26016 


13° 


100" 


10 


0' 


26022 


14° 


100" 


08 


0' 


26028 


15° 


100- 


•05 





•26034 


1C° 


100 


•03 





•26039 


17° 


100 


•01 





•26045 


17-5° 


100 


•00 





•26048 


18° 


99 


•99 





•26051 


19° 


99 


•96 





•26057 


20° 


99' 


94 





•26064 


21° 


99 


•91 





•26071 


22° 


99 


•88 





•26078 


23° 


99' 


85 


0' 


26086 


21° 


99 


•83 


0' 


26093 


25° 


99 


•80 


0' 


26100 


26° 


99 


•77 


0' 


26108 


27° 


99 


•74 


0' 


26116 


2S° 


99 


•71 


0' 


26124 


29° 


99 


68 


0' 


26132 


30° 


99 


•65 


0' 


26139 



* Mategczek: Zeiisch, dcs Vercins filr liubcvzHckci'mduHirie, 1875, 877. 
2 GcrLaoh: Idem., 1862, 283. 
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Hence, for example, if a thermometer plunged in the contents ( 
the tube, after the rotation has been observed, indicates, say 20°, th< 
in calculating the sugar-percentage, the constant 0*26064 must baj 
used instead of 0*26048. 



(b.) The Soleil'Duhoscq Sacchanmeter. 

§ 86. The original Soleil instrument, as used in France, and 
manufactured at the optical instrument works of J. Duboscq, Paris, 
agrees essentially in principle with that just described, except as 
regards the scale. This is so devised that the deviation produced by 
introducing a plate of dextro-rotatory quartz 1 millimetre thick is 
taken as a fixed point, and the space between this and the zero-point 
is divided into 100 equal parts. Now, according to Clerget,^ tie 
same amount of deviation is produced by a 2 decimetre column of a 
sugar solution containing 16*471 grammes in 100 cubic centimetres. 
This concentration was subsequently corrected by Duboscq^^ to 16*350 
grammes, and the scales for this instrument are now so constructed 
that the 100 point is recorded by a solution containing 16*350 
grammes of pure dry sugar-candy in 100 cubic centimetres. Con- 
sequently each degree of the scale represents 0*1635 gramme in 
100 cubic centimetres. 

In construction, the French-made instruments diflfer from the 
German (Ventzke-Scheibler) in having both quartz wedges movable. 
Besides this, the regulator for producing the transition-tint is placed 
in the eye-piece of the instrument, with its Nicol immediately behind 
the eye-glass of the telescope, and capable of partial rotation by 
means of a rim projecting through the telescope tube. 

In using this form of instrument, 16*35 grammes of the sub- 
stance to be examined are weighed, made into a 100 cubic centi- 
metre solution, and the solution examined in a 2 decimetre tube. 
The degrees of rotation on the scale indicate directly the number of 
grammes of sugar in 100 cubic centimetres. In other respects, the 
method of observation is precisely the same as in using the Soleil- 
Ventzke-Scheibler saccharimeter. To avoid errors from imperfect 

1 aerget : Ann. Chim. Phys., [3] 26, 175. 

* According to the still later researches of Schmitz and ToUens, a still more 
correct value for this constant is 1C*302 grammes. (From the equation for <?, gi^ 
on p. 180). 
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artz-wedges, Scheibler's method of double observation for the 100 
Lnt may likewise be adopted. 

In using Soleil's saccharimeter for the approximate determination 
tte specific rotation of other substances, the deviation of which 
s to be reckoned in angular measure, one has simply to bear in 
nd that, according to § 18, a quartz plate 1 millimetre thick rotates 
Y D through an angle of 2r67°, and mean yellow light (ray j) 
rough 24*5°, or, 

1° Soleil (ray/) = 0*2167 angular degrees (ray D), 
1° Soleil (rayy) = 0'245 angular degrees (ray/). 



§ 87. Correction for imperfect proportionality between deviation 
id concentration will also require to be made in using the Soleil- 
uboscq. The amount of correction necessary is given for every 
)° in the table annexed: — 









Graniiiies 


of Sugar in 100 cubic ccnti- 


Degrees on 
Scale. 


Corrected 
Reading. 


Difference. 


1 


metrea Solution. 






100-00 




Uncorrected. Corrected. 


Difference. 


100 


0-00 


' 16-350 


16-;350 


0-000 


90 


89-98 


0-02 


14-715 


j 14-712 


0-003 


80 


79-97 


0-C3 


13-080 


13075 


0-005 


70 


69-96 


04 


11-445 


11-4.38 


0-007 


60 


59-9.5 


0-05 


9-810 

1 


! 9 802 


0-008 


50 


49-95 


0-05 


8-175 


1 8-167 


0-008 


40 


39-95 


0-05 


1 0540 


, 6-532 


0-008 


30 


29-96 


0.04 


4-905 


4-898 

1 


. 0-007 


20 


19-97 


0-03 


3-:i70 


3-265 


0-005 


10 


9-98 


0-02 


, 1-635 


1 1-632 


0-003 



As to the influence of temperature upon determinations 
)y this instrument, Mategczek ^ gives a table from which the follow- 
ing is an extract : — 



Mategczek: Zeitsch, des Vercimfilr Jtilbcuzuckerindiistrie, 1875^891. 
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1 

1 




Grammea of Sugar 


Tempera- 


Degrees 


in 100 cub. cent. 


ture. 


observed. 


corresponding to 






1 degree. 


15 


100-05 


016341 


16 


100-03 


0-16344 


17 


100-01 


0-16348 


17-5 


100-00 


0-163o0 


18 


99-99 


016352 


19 


99-96 


016356 


20 


99-94 


0-16360 


21 


99-92 


0-16363 


22 


99-89 


0-16367 


23 


99-87 


016371 


24 


99-85 


0-16375 


25 


99-82 


0-16378 



(c.) WUcCs Polariscope, with Saccharimetric Scale, 

§ 88. Wild's polariscope, already described (§ 49), can be fitted 
with a scale for use as a sacchariineter. As supplied from the worb 
of Hermann and Pfister, of Berne, these instruments have a scale 
divided into 400 equal parts, and their construction is based upon 
the specific rotation of cane-sugar, [a]D = 66 '-il?®, as determined by 
AVild ^ in a solution containing 30*276 grammes of cane-sugar per 
100 cubic centimetres. Then assuming the amounts of concentri- 
tion and of rotation to be strictly proportional, he calculates the 
value of the angle of rotation a, which a solution containing 40 
grammes of sugar in 100 cubic centimetres should give in a 2 deci- 

1 rm . a X 100 ^^ ,,^ . into 

metre tube. The equation ,^ .^ = 66'4l7, gives a = 53134. 

Accordingly, an angle of this amount, measured from one of the zero- 
points of the instrument, is divided into 400 equal parts, so that, tak- 



^ 



* Wild: Vifher ein news Tblari^trobotHeter u. eiuf neue BeMmmHHg der Drehmp' 
coHtaMU (ies Zuc^er^i, Berne: 1S65. Ako, Jfelan(^<:s Fh'js. et Chim, B nil. de P Acad, i* 
t^t. /*€'^r*5o^fry, 8. 33. 
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J observations with a 2 decimetre tube, each division of the scale 
11 represent 1 gramme of sugar in 1 litre of solution. The use of 
sodium flame is here presupposed. According to this mode of 
iduating the scale, a solution containing 10 grammes of pure sugar 
100 cubic centimetres, observed in a 2 decimetre tube, should 
;ord 100 degrees, each divison of the scale indicating 1 per cent, 
sugar. If a solution of 20 grammes of sugar in 100 cubic centi- 
jtres be used, the amount recorded should be 200 degrees, each 
rision of the scale corresponding to one half -per cent, of sugar, and 
on for solutions containing up to 40 grammes of sugar. 

Thus any weight of sugar may be chosen as normal weight, 
t a solution of 20 grammes in 100 cubic centimetres, or 10 
amines in 50 cubic centimetres, will be found most convenient. 
le observed rotation must then be divided by 2, and as with a little 
•actice the scale <jan be read to one-fifth of a division, we can 
•ing out values to O'l per cent. For example, if a solution of 20 
ranames of a cruder sugar in a 2 decimetre tube recorded 184*6 
agrees, the percentage weight of sugar would be 92*3. 

In dealing with substances of low sugar-percentage, such as 
eet-root juice, it is more convenient to weigh out as much as 
or 80 grammes, and dilute to 100 cubic centimetres. The 
egrees recorded must then, of course, be divided by 6 or 8 to get 
tie correct sugar-percentage. The greater the weight of substance 
aken for solution, the greater will be the accuracy of the deter- 
lination. 

In other respects, the mode of observation is similar to that 
escribed in § 51. The lamp, figured in § 46, with a bead of salt or 
oda, can be employed as the source of light. 

To convert the readings on the saccharimetric scale into angular 
Qeasure, we have only to remember. that as an angle of 53*134° was 
ivided into 400 equal parts, 1° of the scale = 0*1328 angular 
^egrees. 

§ 89. The effect of inconstancy of specific rotation on the saccha- 
imetric scale is shown in the annexed table of correcfcions, calculated 
>y Schmitz,^ and based on the assumption that a solution containing 
-0 grammes of pure sugar records exactly 200 degrees. 

1 Schmitz: Zeitsch. defi Verehis filr JiiibetiZfickerindmfrie, 1878, 48. 



17« 



I'KAITHAI. AI'I'l-HATIiiNS OF RTiTATORY Pl>WTB. 





Grinim*-!* of 


Gniinin»> i-f 


Per?*jntaffe of Sajtr 


hy T^ 


T>igT<ifin«4 


Sii'^i 


T in I*'*) 


?*iiir5ir in 100 


OQt 


20 izranuxue** •'^f 


Sn'^ijuj 


of 


<ub. 

s. 


*:^lltii. ■>f 

4uriijn 
•.uLiUtl . 


rub. ctnts- i.if 
Solution 


rn. 






S.-uIc. 


;i.'rrt*?tiriL 


Ci:rri<: 


•21)0 




•20 


20-0t» 




lOO 


100 


100 




10 


lS-907 




0.5 


04-; 


ISO 




IS 


17-005 




00 


'i-V; 


170 




17 


10-003 




So 


S4-. 


K.O 




10 


l.rOO-2 




SO 


79-? 


l-SO 




ir, 


11-000 




75 


74'. 


MO 




II 


13-OSO 




70 


^ ij-j 


130 




13 


12-OSS 




05 


•>t-: 


120 




1-2 


Il'j'-S 




00 


.yV' 


110 




11 


10-'.>'s7 




O I 


0-f 


100 




10 


0-0>7 




.;»> 


4-> 


!«0 




l> 


.S-0S7 




4.'» 


44- 


so 




S 


7-0-> 




40 


G"'- 


70 




« 


rt-O^S 




3.-1 


3t- 


^3•l 




6 


.5 •:"•'*■* 




"0 


.•>.-. 


.*••"» 




■3 


4-."l 




2--. 


24- 


4"' 




4 


z-y'i 




2ii 


IL'- 


50 




.1 


2->v3 




I-'' 


u- 


■20 




o 


1 •-••..•.■» 




10 


;"'• 


10 




1 


O-C'VS 




5 


4- 



It will be soon tWin tho two l;i>r c.-IlLiuiis t:.a: no corroi 
Tifj^At-d tor ^k^rctntaiTt-s inulcr *J0 or rivtr ^'». the error in sue 
not affeotin^r tho results to tho amount or* :l to!it:i ^.r eont. F 
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-ar-solution by observing the angle of rotation a for a column I deci- 
bres loDg, and substituting values in the equation : — 

- iP0_a_ 
""" /x[a]* 
Disregarding the variation of specific rotation [a] with the con- 
tration of the solutions, a mean value may be assigned to it, which 
L serve for most of the sugar-solutions met with in practice. For 
Tuple, by adopting, in analyses of natural sugars and their refined 
ducts, a normal solution of 15 grammes in 100 cubic centimetres, 
shall obtain percentages ranging between 80 and 100, and 
mean concentration c = 14 grammes. But according to the 
ervations of Schmitz and ToUens recorded in ^ 91, c = 14 should 
Ld an angle, which by the above equation corresponds to a specific 
xtion [ajo = 66*50. Introducing this value for [a] in the cqua- 
i, we get the annexed formula for determining the number of 
Lxnnies of sugar in 100 cubic centimetres solution : — 

c= 1-504-^, 

V 

Mrhich a is the angle of rotation observed with the sodium light, and 
b.e length of tube employed. With a 2 decimetre tube 

c = 0-752 a. 

In many cases this may bo simplified to 0*75. Thus a solution 
' 15 grammes of pure sugar should give a rotation of 20° exactly. 
f\en, therefore, 15 grammes of any saccharine (natural sugar) are 
lade into a 100 cubic centimetre solution, and the angle of rotation 
bserved in a 2 decimetre tube, the sugar percentages may be obtained 
y simply multiplying by 5. 

In weighing out any other number of grammes, P, of substance 

ae percentage can be calculated from the observed deviation a from 

le proportion 

P : 0-752 a = 100 : ^. 

§ 91. Here, again, in exact determinations the imperfect propor- 
onality between the angle of rotation and the concentration must 
3 taken into account. Schmitz has prepared a table based upon 
le following observations,^ partly his own and partly those of 
ollens,- at a temperature of 20° Cent.^ 

* Schmitz : Zeitsch. des Vercins far Rubenzuckenndmtrie^ 1878, 53 and 58. 

* Tollena : Ber. der dciUsch. chem. Gescllsch. 1 0, 1403. 

^ The angles of rotation were all observed at 20° Cent. ; tlio concentrations by 
;hmitz at 20° Cent., those by Tollens at 17*i)° Cent. The latter trifling diflFerenco 
>es not affect the results. 
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Number of 
Solution. 


GrammeH of 

Sugar in 100 

cub. cents, of 

Solution. 


Grammes of Sugar 

in 100 grammes 

Solution. 


Observed angle of 

Rotation with a 

2 -decimetre Tube. 


i 

Observer 




e. 


P' 


a. 


• 


1 


2-014 


2-000 


2-69° 


Schmitz 


2 


4-460 


4-384 


5-93° 


Tollens 


3 


5-096 


6-000 


6-78° 


Schmitz 


4 


8-195 


7-945 


10-92° 


Tollens 


5 


10-399 


10-004 


13-82'* 


Schmitz 


6 


15-010 


14-200 


19-94^ 


Tollens 


7 


18-175 


16-999 


24-13** 


Schmitz 


8 


27-641 


25010 


36-67'* 


Schmitz 


9 


31-151 


27-803 


41-26^ 


Tollens 


10 


40-175 


34-833 


53-29^ 


Tollens 


11 


47-120 


39-988 


62-35^ 


Schmitz 


12 


54-132 


44-914 


71-65° 


ToUens 



Hence the following interpolation-formulae for determining from 
the observed angle of rotation a the concentration c and percentage 
p of solutions have been derived by the method of least squares : — 

c = 0-75063 a + 0-0000766 a^, 
p = 0-74730 a - 0001723 a\ 

From these equations the annexed table has been prepared :^— 



Observed 


Grammes 


Difference 


Observed 


Grammes 


Differ- 


Botation 


of Sugar in 


for 0-1° 


Rotation 


of Sugar in 


ence for 


with 2 -deci- 


100 cub. cents. 


of 


with 2 -deci- 


100 grammes 


0-1° of 


metre Tube. 


Solution. 


Rotation 


metre Tube. 


Solution. 


Rota- 


a. 


c. 




a. 


P' 


tion. 


1° 


0-751 


V 


1° 


0-745 


0-074 


2° 


1-501 




2° 


1-488 


0-074 


3° 


2-253 


' 0-075 


3° 


2-226 


0-073 


4° 


3-004 


/ 


4° 


2-961 


0-073 



1 The value p is for solutions of pure sugar. In beet-root solutions where other 
substances are present, the sugar-percentages must be determined from the values 
for Cy and the observed specific gravity' of the solutions. 



DETERMINATION OF CANE-SUGAK. 



181 



Observed 


Grammes 


Difference 


Observed 


Grammes 


Differ- 


Rotation 


of Sugar in 


for 0-1° 


Rotation 


of Sugar in 


ence for 


-ith 2-dcci- 


100 cub. cents. 


of 


with 2 -deci- 


100 grammes 


0-1° of 


letre Tube, 
a. 


Solution. 
c. 


Rotation. 


metre Tube, 
a. 


Solution. 


Rota- 
tion. 


6° 


3-755 , 




5° 


3-693 


0-073 


G° 


4-507 


6° 


4-422 


0-073 


yu 


5-259 




7° 


6-147 


0-072 


8° 


6-010 




8° 


5-868 


0-072 


9° 


6-762 




9° 


6-586 


0-072 


10° 


7-514 




10° 


7-301 


0-071 


ir 


8-266 




11° 


8-011 


0-071 


TOO 


9-019 




12° 


8-719 


0-071 


13'^ 


9-771 




13° 


9-424 


0-070 


14° 
15° 


10-524 
11-277 


\ 0-075 


14*= 
15° 


10-124 
10-821 


0-070 
0-070 


1G° 


12-030 




16° 


11-516 


0-069 


17° 


12-783 




17° 


12-206 


0-069 


18° 


13-536 




18° 


12-893 


0-068 


19° 


14-290 




19° 


13-576 


0-068 


20° 


15044 




20° 


14-257 


0-068 


21° 


15-797 




21° 


14-933 


0-067 


22° 


16-551 ; 




22° 


15-606 


0-067 


23° 


17-306 




23° 


16-277 


0067 


24° 


18-059 




24° 


16-943 


0-066 


25° 


18-814 




25° 


17-606 


0-066 


26° 


19-568 




26° 


18-265 


0-066 


27° 


20-323 




27° 


18-921 


0-065 


28° 


21-078 




28° 


19-573 


0-066 


29° 


21-833 




29° 


20-223 


0-065 


30° 


22-588 




30° 


20-868 


0-064 


31° 
32° 


23-343 
24-098 


^ 0076 ' 


31° 
32° 


21-610 
22-149 


0-064 
0-064 


33° 


24-853 




33° 


22-784 


0-063 


34° 


25-611 




34° 


23-416 


0-063 


35° 


26-366 




35° 


24-044 


0-068 


3G° 


27-122 




36° 


24-670 


0-068 


37° 


27-878 




37° 


26-291 


0-062 


38° 


28-635 




38° 


25-909 


0-062 


39° 


29-392 • 


/ 


39° 


26-523 

\ 


0-061 

\ 



\v*r* 



?!Lii.T:i:s_ U^TJ/ATIOXS OK ROTATORY POWER. 





•n 


' '-r-iaiaii:-* 


4 




GbHcrved 
R<jtution 


1 

1 Grammes 

1 of Sagar in 




V ';i l-L 


t:*1*' 


IHI I.': :^.r.':-. 




^f 


with 2-doci- 


. 100 gramme:* 


ij-Vi 


TllitT*: r 


ih*:. 


>.Li:si,TL- 


R- 


l:iti...:i. 


metrc Tube. 


Solution. 


Rota 


Z. 










a. 


; P- 


tion, 


i<. 




3'.-:i* 






40" 


i 27-134 


0-06] 


i: 




:>}-:■'..: 


m 




4r 


1 27-743 


0061 


ki 




:r.">:i 






42- 


j 28-347 


0-061 


li- 




32-«2'> 






43' 


i 28-948 


009 


lt 




Si-lT'i 






44' 


! 29-045 


0-06 


Tj 

io 




:j:j-l>.J:j 
3i-00l 


/ 


0070 


4o' 

40*= 


30-139 
30-729 


o-o-j 

(VOo 


i: 




3-3- 119 






47^ 


31-317 


O-O.i 


ts 




:ifJ-207 






48^ 


1 

31-900 


o-o: 


ii> 




30 -900 ; 






49- 


32-481 


o-o-' 


.'>f> 




:i7-:2i 






50 


33057 


o-o- 



For example, suppose an angle of 16'4° has be'en observed, 
see that 16^ = l'J-();H) and 04^ = 4 x 0075, hence the solution c 
tains in 100 cubic centimetres 12*330 oframmes of susar. 
constant OTo'J given in § 90 would show a concentration of I'2v 
and its approximate value 0*75, a concentration of 12*300.) Az 
100 parts by weight of the same solution, since 16° = 11'516 and ' 
= 4 X 0*061^ contain 11*792 parts by weight of sugar. 

As regards the influence of temp^'ntture, the researches of Tuchsoh. 
and the calculations of Mategczek (§ 8o) show that when the concen 
tion amounts to about 25 grammes of sugar in 100 cubic centime! 
and observations are taken between 15° and 25° Cent, in jjlass tub^ 
decimetres long, a rise of 1° Cent, causes a decrease of 0*011" an:r 
measure. Thus, when the temperature of observation differs fr'}ni 
(Jent., the foregoing value may be used to correct the angle of ror>: 
(observed. For example, suppose the temperature of the solution f 
17 '(-ent., the amount 3 x 0*011 must be subtracted, orif the temp 
tiire were 23° Cent., the same amount must be added to the i: 
ohnovwil. For sugar-solutions of less concentnitiou, the amoun 
iImm rtirn^'tion is less, and when the temperature is not far remu 
Innn ?0 ' ( Vnl. it may be neglected altogetb 
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(e.) Preparation of Solutions for the Saccharimeter. 

§ 92. In saccharimetry, measuring flasks of 50 and 100 cubic 
itimetres are employed which are usually provided with an addi- 
ual mark, indicating capacities of 55 and 110 cubic centimetres 
pectively. These marks are fixed by weighing into the flasks water 
some determinate mean temperature, usually 17^° Cent. (63 J° 
hr., 14° Reaum.). As will be seen from the table given in § 73, 
^e 146, the following weights of water must be introduced in order 
fix the levels of the several marks : — 

For the 50 cubic centimetre mark, 49*938 grammes. 
55 „ „ 54-932 

100 „ „ 99-875 

110 „ „ 109-8b3 



9> 



» 



» 



The correction for weight in vacuo is here disregarded.^ 
The solutions necessarv for the difierent forms of saccharimeter, 
king observations in each case with 200 millimetre tubes, are as given 
low : 50 cubic centimetres will generally be found sufficient. 



Saccharimeter. 



leil-Ventzke-Scheibler 

loil-Duboscq 

ild, with Saccharimetric scale . . . 
tscherlich, Wild, and Laurent, with 
ingular graduation 



Weight of Substance required for Prepara- 
tion of : 



100 cubic centimetre 
Solution. 



26-048 grammes 

16-35 

20 






15 



)> 



50 cubic centimetre 
Solution. 



13*024 grammes 
8-175 
10 



>» 



7-5 



>> 



ij 



For weighing the samples, Scheibler^ recommends basins with a 
' made of German silver, a material not readily wetted by aqueous 
uids. 

* Beduced to vacuo, the weights required, according to § 69, are for the 50 cubic 
timetro mark, 49-888 granmies, and for the 100 cubic centimetre mark, 99 "77 5 
mmes of water at a tcmperatui-o of 17i° Cent. 

- Scheiblor: Zeitsch. den Vcreins fiXr Rilbtinzuckerindustrie, 1870,014. 
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The weighed substance should be dissolved directly in 
basin, the contents poured into the flask, and the basin itself the 
carefully washed with a stream of water into the flask, caw 
being taken that the latter does not get more than three-quarten^ 
filled. 

§ 93. Decoloration, of Solutions. — If the solution so prepared, as iii 
usually the case with natural sugars, beet-juice, and the like, is more; 
or less coloured and turbid, the addition of some clarifying substance 
becomes necessary. The substance most commonly employed for 
the purpose is basic acetate of lead, in quantities of one or mowi 
cubic centimetres, according to the impurity of the sugar and the ' 
concentration of the solution. This usually throws down a heavy 
precipitate, by which various non-saccharine substances, as malw y 
acid, aspartic acid, etc., are removed as lead salts, carrying down 
with them the particles which produce the turbidity. If the precipi- 
tate formed is small, it is convenient to add besides a few drops of 
solution of alum, so as to produce a precipitate of sulphate of 
lead. Too great excess of the basic acetate must be avoided, 
otherwise the filtered liquid will, in contact with the air, again 
become cloudy by the formation of carbonate of lead. This 
turbidity may, however, be dispelled by the addition of a drop of 
acetic acid. The basic acetate of lead is prepared by putting a finely 
powdered mixture of 3 parts ordinary acetate of lead and 1 part 
litharge along with 10 parts water in a closed flask, and allowing 
the mixture to remain until, aided by frequent shaking, only a small 
white residue remains undissolved. The filtered Kquid should then 
have a specific gravity of from 1*23 to 1'24. 

Aluminium hydrate^ as recommended by Scheibler,^ can also be 
employed as a decolorant. This can be prepared by precipitating a 
solution of sulphate of aluminium or of alum by means of ammonia, and 
washing the precipitate by dccantation until the wash-water no longer 
gives a blue colour to red litmus paper. The voluminous pulpy mass 
so obtained is to be preserved in a closed flask, from which, by means 
of a pipette with wide stem, quantities may be removed as required. 
For the clarification of 13024 grammes of a sugar dissolved in a 50 
cubic centimetre flask, from 3 to 5 cubic centimetres are generally 
required. The alumina is especially adapted for the removal of tur- 
bidity ; but less so for the removal of colouring matters ; and there- 

^ ydiciblcr : Zcilach. dca Vcrciniifur li'dbcuzuckcnndmti'ky 1870, 223. 
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2 bttsic acetate of Iciid iiiid 



WQ may add beaidea, if 

liitb alum -solution. 

After introducing the clarifier, the contents of the flask are made 
C.I mix by a gentle motion, and then left undisturbed for five to t«n 
liiiutcs. The surface of the liquid is then brought to the mark by 
■ Ming water from the wash -bottle. If foam forma on the surface of the 

'it ion and prevents the exact adjustmentof thelevel, it can be removed 
iiiiebingitwithadropof ether or by merely pouring upon it a small 

■ Liitity of ether- vapour fi'ora the bottle (Schcibler). The flask is then 
[ ii-rd with the thumb and shaken vigorously for some time, after 
' hi(?h the mixture is to be filtered. For this purpose round filters 
-i to 14 centimetres (about 5 5 inches) diameter, which will easily lake 
' ) cubic centimetres, should be used. Of course, they must not be 
"ttted before use, and the funnel and receiver below must be perfectly 
i-y. Evaporation must be prevented during filtration by covering 
lii; funnel and receiver with glass plates. Very often the first few 
i"ops of the filtrate are turbid, and siiould be received in another 
o^isel. The clear solution should at once be put into the polariacope- 
ube. 

The mode of using flasks with double marks (as 50 and 55 cubic 
ientiiuetrea) is as follows : — The sugar-solution is made up to the 
»0 cubic centimetre murk, the acetate of lead, etc., added to the upper 
nark and the flask then shaken, etc., as before. The solution is then too 
lilute by one-tenth of its volume, and the angle of rotation observed in 
I 200 milli niptrn tube must bc increased by one-tenth to get the correct 
■'alue; or the rotation may be directly observed in a tube 2^0 millimetres 
ong— a tube of this size being sometimes supplied with the instru- 
aient. 

Oq the other hand, in using flasks with single marks only, an 
-iTor occurs whenever the addition of basic acetate of lead produces a 
precipitate, from the diminution thereby caused in the volume of liquid 
lout^ainod by the flask, when the mixture stands at the 50 cubic centi- 
'Oetre or 100 cubic centimetre mark. The liquid will then be too 
■!oucentrated, and its rotatory power too high. The error from this 
'Quree will obviously vary in magnitude, with the amount of precipitate 
iurniahed by diflerent saccharine products. Scheibler' examined by a 
Variety of methods the volume of the precipitate obtained in the deco- 
loration of IflO cubic centimetres of beet- root liquors with 10 cubic centi- 
uieti'es of basic acetate of lead. Ilis experiments showed a moan value 
' Suhtiblur: ZhUkcIi. lies i'e't'mii fin- ItiibaisiKkii-MiltHlrii, i87.J, lOJl, 
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of 1 3 cubic ccutiniotres. Hence sugar- percentages, estimated from 
observed rotation, appear 0'15 percent, too bigh. Accoi-ding toN' 
and Sostraann/ tbe error in beet-juices overages 0"17 ; in diffus 
juices 0'27 per cent. Pellet- obtained tbe following error-values 
For beet-juiees 0'15 to 0'2 per cent. ; cane-sugar juices O^l per cent; 
thick syrups, 0*25 per cent. ; sugars from tbe second aud tbird crops, 
0*23 per cent.; molasses, O'fiS per cent. 

Accordingly, the results obtained by direct observation must be 
reduced by tlie above amounts to get the true sugar-percentagea. 

§ 94. Sometimes, indeed, aa in the caae of molusscs and dirk- 
cidourcd bye-products, the colour is so intense that even. the basic 
acetate of lead fails to sufficiently decolorize the solution. In such 
cases an attempt should be made to observe the rotation bj- einploj- 
ing a 100 millimetre tube, or by diluting tbe solution to double ifa 
original volume, the observed rotation being, of course, doubled, 
AV^bere this is found iinpracticalile the solutions should be clewett 
with animal charcoal after preliminary treatment with acetate (if 
lead. For this purpose, 30 to 40 cubic centimetres of the fihniiL 
are placed in a flask, with 3 to 6 grammes of powdered ;l:: 
strongly dried bone-charcoal, aud either shaken vigorously ■■'' 
some time or allowed to stand for twelve to twenty-four hours. In 
most cases, we shall then obtain, after filtration, a perfectly clcur 
liquid. 

The charcoal has, however, the disadvantage of abstracting not 
only colouring matter, but some sugar as well, so that the rotation 
results will be considerably too small. It will be necessary, then- 
fore, in order to apply the proper correction, to make a prelimiii::" 
determination of tbe absorptive power of the particular chaiiv 
used, by a few experiments with sugar- solutions of known streii!;: 
Thus, Schoiblei'^ found that, with 50 cubic centimetre solutions, t ■: 
taining 13'024 grammes of various natural sugars, cleared with b;i- 
acetate, after standing over 3'5 grammes of desiccated bone-chuii- 
for from twelve to twenty- four hours, the observed rotation gave sii;'- : 
percentages averaging 0^4 to 0'5 too low. He also showed thui i^ 
amount of sugar absorbed is proportional to the quantity of chan" ■ 



' Nebcl and Sijstniunn ; Zellaeh. 
' PeJIet; Idrui., 1878, 7-10. 
5 Srlieibkrr Lhui., 1S7U, 21S, 
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jf Determination of Cune-Sugar in the Presence of other Active. 
SuOslajieen. 
K95. Anotlier source of inaccuracy met with in tlie aacoliari- 
5 analyaca of beet-liquors, inferior natural sugars, and molasaea, 
I occurrence along with cane-sugar of a whole aeries of other 
eSj capable of affecting in clifl'erent ways the plane of polariza- 
f light. Of such substances the following have been found, 
—Malic acid (— ), asparagin and aspartic acid {both + in add 
ms and — in alkaline), glutamic acid ( + ), invert-sugar (— ), 
. (— ), dextran ( + ), the two last-named possessiug very 
fOtatory powers. In molasses these substances may be present 
k quantity aa to render the determination of the sugar in tho 
t degree inaccurate, and even with beet-liquors some uncer- 
3 thereby involved in the results. It ia true that by clearing 
c acetate of lead such substances are precipitated in part ; 
ihod of certainly removing them entirely or of optically neu- 
r them is still a desideratum. Eisfeldt and Follenius' attempt 
jr heating with a solution of copper sulphate and caustic soda, 
lartly to precipitate and partly decompose them by oxidation, 
s proposed a method, which consists in adding to Ib'Oiil 
les of beet-juice 1 cubic centimetre of basic acetate of lead, and 
5 to 50 cubic centimetres with absolute alcohol. In this way 
7agin, aapartic acid, malic acid, gum, and dextran are precipi- 
ttted, and the rotatory power of the invert-sugar almost completely 
■hnnllcd by the presence of tho alcohol. This method appears to be 
L;rviceable, but requires further confirmation. 

§ 96. When invert-sugar alone accompanies the cane-sugar, the 
ffcct of which is to reduce the rotation, the correct percentage of the 
ane-6Ugar present can be determined by employing the so-called 
f^veraioH metJiod of Glerget.^ When a saccharimeter with Soleil 
cale is used, tho method is as follows ; — The usual normal solution, 
ontaining 16'35 grammes of the sugar is prepared in the ordinary 
*'ay, cleared, if necessary, with basic acetate of lead, and tho 
otation determined. Then 50 cubic centimetres of the solution 



' Eisfeldt luid FuUcmiiH : Ze'ilseh , de. 
U.1704. 

• Sickol : LhM., 1S7T, 779 and 800. 

- Clurgut: Ana. Chiw. rh.ji. [:)], 2G, 17. 
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are heated with 5 tubio cpntimetrea of concentrated h; 
acid for ten niinutes, on a watt-r-bath. ut a temperature of 
Cent. (154'' Fahr.), whereby the whole of the cane-sug 
formed into invert-sugar. After cooling, the rotation (i 
left-handed) is observed in a 32tl niillimelre tube, the temj 
of the solution being also noted by iutroduuiiig a thermometer. 

The calculation of the percentage of cane-sugar from the 
two obscrvuliona is performed in the following miiuner : — 

Accoi-ding to Cierget'a experiments, a solution containing [li 
grammes of pure sugar in 100 cubic centimetres — -which icdiiata 
rotation of -f 100° with a Soleil aacehari meter— will, after mvm ng 
and observed at a temperature of 0° Cent., indicate a rotatiui! i 
— 44° on the scale, the total change of rotation indicated beiu;; I' 

Moreover, it is found that the amount of las vo- rotation of a ain'. 
of invort-sugar varies very markedly with the tempei-atureol''' 
vation. The above solution, for instance, would undergo, foi' Ci 
rise of 1° Cent., a reduction of 0-5 division on the Soleil scale, m ' 
at a temperature f, its amount would be 144 — ^ t. Putting S fci 
sum of tbe opposite succhari metric readings (the readings before 
after inversion), that is, for the total decrease of rotation, and t for 
temperature at which the inverted solution is observed, the ruquii' 
percentage of cane-sugar S may be found from the pi'oporti^ 



whence :- 



(144- 



100 s 



100 = 



S-.E, 



If, for example, tbe amounts of rolution wero : — 

By direct ohscrvutiou 1)41 

Afti-T inversion at temperature '^O""' Cent. 



which p 



M- 



100 X 131-3 



144- 10 
instead of the incorrect valui 
the original solution. 

Tucbschraid' has sta 
duced by the inversion ol 



= OS'O p 
<.t4-l r 
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nperature, and gives the subjoined formula for the calculation of 
ne-sugar percentages : — 

100 S 
^~ 144.-1G- 0-500 t' 

If, instead of Soleil's saccharimeter, one with angular graduation 
I employed, Tuchschmid's formula becomes 

__ 21-7 19 S 
^ - 31-31-0-lli5 ' 

To determine at the same time the percentage of invert-sugar 
iginally present in the substance, the following method can be 
bpted: — As we have already said, a solution of 16*35 grammes of 
me-sugar in 100 cubic centimetres gives, by inversion, a liquid, which 
J a given temperature, f, rotates towards the left through (44 — J f) 
visions of the scale. Now, since 171 parts of cane-sugar, when^ 
■eated with acid, yield 180 parts invert-sugar, the above rotation 
irresponds to a percentage of 17*21 grammes invert-sugar in 100 
ibic centimetres. Putting A for the result of direct observation, R 
a* the sugar-percentage found after inversion, and J for the propor- 
on of invert-sugar to be determined, we have the proportion 

44 - U : 17*21 = B - A : J, 

bence, 

17*21 {R - A) 



J = 



44-^^^ 



Taking, as in the former example, ^ = 94'1, R= 98*0, and 
suming the rotation to have been observed, both before and after 
version, at 20° Cent., we get the result : — 

r 17-21 (98*0 - 94*1) ^ n ^ 

J = ^ -= 2*0 per cent. 

44-10 ^ 

Employing the more exact constants determined by Tuchschmid, 
e have : — 

1. For Soleil's saccharimeter : 

17*21 (R - A) 
^ ^ 4416 - 0*506 L ' 

2. For saccharimetcrs with angular graduation : 

17*21 (R - A) 
"^^ 9-59-011^ 

This method will, of course, cease to furnish correct results 
lien other optically-active substances are present in addition to invert- 
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sugar. As this generally is the case, the method is not of 
piactical utility. 

Nevertheless, the inversion process is convenient for ascei 
whether a sugar is or is not contaminated with other active sul 
It will be known to be free of such substances when the amo 
of rotation before and after inversion correspond, whilst if they doi 
correspond we may reckon on the presence of impurities. Scheil 
in this way detected the presence of dextrin in natural sugars, 
the direction of the rotatory power is unaffected when that subst 
is treated with acids, the locvo-rotation indicated by his invert- 
tion, and, therefore, also the calculated percentage of saccharose, 
found tt>o low. 

B. Determination of Glucose. 
Graph Sigar — Diabetic Sugar. 



5i 97. The sjHroitic rotation of dextro-rotatorv- glucose 
dolonuiutHl by various observers, the earlier of whom assumed thati 
w«s iudoivndont of the strength of the solutions. "We have 
x'^^vn. ho\vo\or ^?i ^k^\ that, according to the careful and minute in\ 
tivrj4tious of IVluvts,-' tho spixntie rotation rises with increase of cone 
(nition. No\oi'th-.U\<s. ill dilute solutions not containing more tl 
;ils»\u I { x^v,itiMiu\s v»:' iHiV.vdrous grape-sugar in 100 cubic centiraet 
i\w \\\i\\\x\\\\s c;»v ot" Miuill account, and in such cases [ajo = 531 
ui,-»v Iv Unv^u as v\ui>:svut. Putting this value in the equat 

,; ■ . '\ \\<^ ^^5 lU-.* subjoined formula for determining 

■/ , »* 

r.!rii^,'ntr;i:iou .\ uvui ^Sio luiirlo of rotation a, observed with a 

W,^ ^f^^ ^.;p;vvsi:;jij V,o:v jiiut tho angle of rotation is taken with 
^r'^^'^'V^Yiith. \V ;M. v>r Lsiviiviit jvlariscope, and with sodium flaw 
f' '^ •v**^]:»'-v.>*'vtr<^ v-^r r.w soI;c*a>u must not differ much from 20° Ceiil 
*' -^ ir .1 > ^Ii'^oimc :rx^ rulv Iv omploved. 

i r .^ri.^n r:Jj>ro-sou:s O^M-^l gramme of anhydrous 
<' . \^t^r MiMA /".^intinsetros o:* solurion. This constant will 

• '■ " /'''''/'. ^-"i T^'-i .•^'i '" r J"-; »» ■':!.. -i.-r;'; ■.;* v'r.V, 1371, 322. 
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all degrees of rotation up to 15°, which is sufficient for most 
rposes. 

§ 98. With higher amounts of concentration (c greater than 
), the specific rotation of glucose undergoes a rather appreciable 
urease, as will be seen from the table given in § 38. In consequence 
this variation, it was necessary to construct interpolation-formulae 
r calculating the degrees of concentration corresponding to various 
gles of rotation. For this purpose the following observations of 
illens have been taken as a basis : — 



No. of 
Solution. 



1 
2 
3 



Grammes of Glucose 

in 100 cub. cents. 

Solution. 



= c 



9-634 
20039 
35-898 



Grammes of Glucose 

in 100 grammes 

Solution. 



9-292 
18-621 
31-614 



Observed Angle of 
Rotation, a, 
for 1=2 deci- 
metres. 



10-20° 
21-38°" 
38-46° 



These figures yield the formula)^ 

c = 0-94727 a - 0-0004233 a^ 
p = 0-94096 a - 0-0031989 a^. 

By means of these, the table given on page 192 has been pre- 
ired, showing the number of grammes of anhydrous glucose in (1) 
)0 grammes, and (2) 100 cubic centimetres, of solution, indicated by 
irious angles of rotation observed for ray D, and in a tube 2 deci- 
etres long. For angles under 10°, the constants given in § 97 have 
3en employed. 

^ The extent to which these formulre agree with other observations made by 
3llena, may be gathered from the annexed table : — 





c 


c 


P 


P 


a 


Calculated. 


Employed. 


Calculated. 


Employed. 


8-43° 


7*96 grm. 


7-91 grm. 


7'71 grm. 


7-68 grm. 


11-09° 


lO-df) „ 


10-46 „ 


10-04 „ 


10-06 „ 


11-72° 


11-04 „ 


11-08 „ 


10-59 ,, 


10-63 „ 


14-47° 


13-62 „ 


13-63 ,, 


12-95 „ 


12-95 ,, 
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Aiijjrle of Rota- 


Grammes of 


tion for a 


Anhydrous Glucose 


Column 2 dtKji- 


in 100 gi'ammes 


nictrt'H long and 


Solution. 


Ray 7). 




r 


0-93 


2- 


1-8G 


3' 


2-79 


4' 


3-71 


()^ 


4-G2 


G- 


0-52 




G-42 

• 


H 


7-32 


[)' 


8-21 


10^ 


9-09 


11'^ 


9-96 


12" 


10-83 


13" 


11-69 


14° 


12-r)r) 


lo° 


13-40 


10^ 


14-24 


17" 


15-07 


18' 


lo-90 


19° 


lG-72 


20^ 


17-54 


21° 


18-35 




19-15 


23' 


19-95 


24 


20-74 


2o" 


21-53 


2r/ 


22-30 


27° 


23-07 


28^' 


23-84 


29° 


24-60 


30° 


25-35 


31° 


26-10 


32° 


26-84 


33° 


27-57 


34" 


28-30 


35" 


29-02 



Amount 

for 0-1° 

Rotation. 








































003 
093 
092 
091 
090 
090 
090 
089 
088 
087 
087 
086 
086 
085 
084 
083 
083 
082 
082 
081 
080 
080 
079 
079 
077 
077 
077 
076 
075 
075 
074 
073 
073 
072 



Grammes of 

Anhydrous Glucose 

in 100 cub. cents. 

Solution. 



0-94 

1-89 

2-83 

3-77 

4-72 

5-66 

6-60 

7*55 

8-49 

9-43 

10-37 

11-31 

12-24 

13-18 

14-11 

15-05 

15-98 

16-91 

17-85 

18-78 

19-71 

20-64 

21-56 

22-49 

23-42 

24-34 

25-27 

26-19 

27-12 

2804 

28-96 

29-88 

30-80 

31 -72 

32-1)4 



Amoiml 
for 0-1° 

Rotation 



N. 



S n.i 



/ 



0-095 



; \ 



\ o-or4 
f 



/ 
\ 



' \ 0-093 



\ 
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To express the result in terms of glncose-hf/drate, Cq H^g Og + Hg O, 
36 the molecular weights, Cg Iljg Og and Cg H^g 0^ + Hg 0, are 
180 : 198 or 1 : I'l, the values found for the anhydride must be 
reased by one- tenth. 

§ 99. Determinations of glucose may also be made with a 

charimeter of quartz- wedge compensation form, as its dispersive 

ver, according to Hoppe-Seyler's ^ measurements, agrees approxi- 

tely with that of quartz. In dealing with dilute solutions not 

itaining more than about 10 grammes in 100 cubic centimetres, 

i specific rotations of cane- and grape-sugars may be assumed to 

nd in the constant proportion of 66*5 : 53*0. Hence, (I) with 

ntzke^s scale, in which the 100 point indicates 26*048 grammes of 

le-sugar in 100 cubic centimetres, the same amount of rotation 

66-5 
1, in a solution of grape-sugar, indicate a concentration 1=1^777 . 26048 

32*683. This gives 0*3268 gramme of anhydrous glucose for 

h division of the scale when the rotation is observed in a 2 deci- 

tre tube. Or, (2) with a Soleil-Duboscq scale, 1 division of the 

66*5 
le will correspond with ir:^^: . 0*1635 = 0*2051 gramme of anhy- 

►us glucose in 100 cubic centimetres. 

Thus in the examination of grape-sugars a 100 cubic centimetre 
ution should be prepared, containing 

for Ventzke's saccharimeter, 32*68 grammes, 
forSoleil's „ 2051 

1 observed in a 2 decimetre tube. The number of degrees recorded 
icate directly the percentage of anhydrous glucose in the weighed 
Qples. 

Polariscopes are also constructed on Soleirs principle with scales 
pressly graduated for grape-sugar.- In these so-called diahetometers 
5 index reading gives the number of grammes of glucose in 100 
Die centimetres solution, observed in a tube 1 decimetre long, 
here a 2 decimetre tube is used the reading must, of course, be 

* Hoppe-Seyler (Frescnius*, Zeitsch.fiiranalyt. Chem. 18G6, 412) found : — 

''or glucose {G) .... 42-45 

totation for 1 millimotrc quartz (Q) is 17*22. 

Vlience ratio "q- is • • • • 2*46 2-47 2*47 2-49 



[a]D 


Mb 


Wk 


63-45 


67-9 


81-3 


21-67 


27-46 


32-69 



^lay be obtained of Schmidt and Haensch, Berlin. 
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ixist be decolorized with animal charcoal and concentrated by evapo- 
ration to a small determinate volume, which can then be placed in 
.8 polariscope. By this method, any bile-acids present in the urine 
ass over into the alcoholic solution finally obtained, and exercise 
eir dextro-rotatory action. Their presence may be detected by 
^^aporating a portion of the solution, dissolving the residue in a 
iittle water and mixing with some yeast. In two or three days all 
. "tijie sugar present will be decomposed, so that if, after filtration, the 
liquor still exhibits dextro-rotatory power this must be attributed to 
"fclie presence of bile-acids. 

• 

§ 101. The polariscope has also been employed by Neubauer to 
detect grape-sugar in " chaptalized " wine. The potato-sugars of 
c^ommerce invariably contain from 10 to 20 per cent, of imperfectly 
Icnown substances {amylin of B^charap), characterized by high dextro- 
rotatory power, and great resistance to fermentation. When the 
znust has been cJiaptalizedy these substances pass over into the wine. 

Pure natural wines of moderate age do not contain such substances, 
ajQid, therefore, when submitted to polariscopic examination in tubes 
2 or 2*2 decimetres in length, either exhibit no rotatory power, or at 
xnost a rotation to the right through an angle of 0*1 to 0*4 degree. 
Choice wines from very highly saccharine must, on the other 
liand, containing laevulose still unfermented, may appear more 
or less IsBvo-rotatory. This is the case with wine " chaptalized '* 
with cane-sugar. 

The following is the mode of examination recommended by 
Neubauer : — 

Fifty cubic centimetres of the wine (whether red or white) 
■ are placed in a flask with 5 cubic centimetres basic acetate of lead ; 
some animal charcoal which has been purified by extraction with 
hydrochloric acid added, and the whole shaken up for a few minutes, 
"" * and then filtered. The colourless solution is then introduced into 
the polariscope in a 2 or 2*2 decimetre tube. If it appears 
dextro-rotatory to the extent of 1° or more, it may safely be 
concluded that the wine has been chaptalized with potato- 
sugar. 

If, however, the result appears doubtful, 100 to 200 cubic centi- 
metres of the wine may be concentrated by evaporation to 25 (or 50) 

1 Neubauer: Fresenim\ Zeitsch, fur a*mlyt. Chem, 1876, 188; 1877, 201 ; 
1878, 321. 
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cubic centimetres, treated with basic acetate of lead and animal 
charcoal as before, and the rotation again examined. A rotation of 
from 1° to 4° at the least will now be obtained if the wine has been 
chaptalized. When 400 to 500 cubic centimetres of such wines are 
reduced by evaporation to 50 cubic centimetres, amounts of dextro- 
rotation of from 5° to 8° are not unfrequently obtained. 

If the result of the first examination shows a dextro-rotation of 
not more than 0*4° to 0'6°, a further investigation may be made by the 
following method, which is based on the fact that the unfermentable 
matters accompanying the potato -sugar are, for the most part, soluble 
in alcohol, and can be precipitated therefrom by the addition of ether 
— 250 to 350 cubic centimetres of the wine are first concentrated 
till the salts crystallize out. This liquid is decanted, decolorized with 
animal charcoal, diluted to 50 cubic centimetres, and finally filtered. 
Almost all pure natural wines treated in this way will exhibit a feeble 
dextro-rotatory power, which in tubes of 2 or 2*2 decimetres may 
amount to as much as about 2°. Wines that have been chaptalized, 
on the other hand, yield deviations of from 4° to 11°. 

After this preliminary examination the 50 cubic centimetre solu- 
tion must be reduced on a water- bath to a syrupy consistency, and alco- 
hol of 90 per cent, added with constant stirring so long as any deposit 
forms. The mixture is then allowed to stand for several hours, until 
the liquid is perfectly clear, when it is poured off from the generally 
tough gelatinous residue. If, however, the precipitate formed is 
flocculent it must be filtered. The precipitate A, and the alcoholic 
solution B, so obtained are then treated separately as follows : — 

The precipitate A is dissolved in cold water, decolorized with 
animal charcoal, and filtered. The solution must then be diluted to 
a volume corresponding with the capacity of the polariscope-tube and 
placed in the polariscope. In all pure wines, the bulk of the dextro^ 
rotatory substances will be found in this solution, which may therefore 
give an angle of rotation of from 0*5° to 1*8°. 

The alcoholic solution B is evaporated on the water-bath, till 
about one- fourth of the alcohol originally added remains. This is then 
placed in a small flask, and after cooling is mixed with from four to six 
times its volume of ether and vigorously shaken. If after standing the 
ether is found to have separated from the more or less thick watery 
liquid beneath, it can be removed by decanting, or by the help of a 
separating funnel. The watery solution is then diluted somewhat with 
water, warmed to expel any ether still remaining, and decolorized 
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ith charcoal. The filtrate, which now contains the unfermentablo 
ubstances in the original potato-sugar, is then examined in a 2 or 
'2 decimetre tube. If the wine has been chaptalized this filtrate 
^ill exhibit dextro-rotation to the extent of from 3° to 11° or more. In 
ure natural wines of average quality, on the contrary, the filtrate 
^ill, in most cases, appear inactive, or may rotate at most from 0*2 to 
"5° to the right. For this optical examination of wines any sensitive 
•olariscope, such as Wild's or Laurent's, may be used. Special 
K)lariscopes of simple form (called optical wine-testers) are manu- 
actured for this purpose at the Optical Institute of Dr. Steeg and 
ieuter, Homburg v. d. Hohe. These instruments are in construc- 
ion essentially similar to that described in § 43, Fig. 20. 

0. Determination of Milk-Sugar. 

§ 102. Milk-sugar, C^g Hgo O^ + Hg 0, exhibits, in freshly pre- 
•ared cold solutions, the property known as hi-rotation (see § 27). 
\q following numbers apply to solutions reduced by heating to 
onstant rotation. 

Hesse^ examined four aqueous solutions in a Wild's polariscope 
ith a 2 decimetre tube, and found : — 



iox c = 2 


OD = 2-144° 


;a]D = + 63-60° 


„ c= 3 


3-19° 


63*16° 


„ c = 5 


6-29° 


62-90° 



>» 



c = 12 



12-64' 



52-67° 



Thus the specific rotation decreases with increased concentration ; 
it for solutions of the above strengths [aj^ = 53° may be taken as 
e mean value. Moreover, since for each decrease of c by 1, a shows 
constant increase of 1*05°, the concentration of such solutions may 
! obtained from the subjoined table, in which : — 

a is the angle of rotation observed in a 2 decimetre tube with 

sodium light, 
c the corresponding amount in grammes of milk-sugar 
(Ci2 H32 On + Hg 0) in 100 cubic centimetres of solution. 



a. 


c. 


a. 


c. 


1° 


0-92 


7° 


\ G-G3 


2° 


1-87 


8° 


7-58 


3° 


2-82 


9° 


1 8-54 


4° 


3-77 


10° 


9-40 


6° 


4-73 


11° 


10-44 


6° 


5-68 


12° 


! 11-39 



* Hesse : Licbiy^s Ann. 176, 93. 
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In observations made with a Ventzke's saccharimeter, and taklnj 
for the specific rotation of milk-sugar the constant value of 53°, 
whereby it is made to agree with that of anhydrous glucose, the data 
aflforded by § 99 show that each division of the scale will represent 
0*3268 gramme of milk-sugar in 100 cubic centimetres solution, as- 
suming the rotation to have been observed in a 2 decimetre tube. 
With the French scale the corresponding value is 0*205 gramme. 

To Determine the Mi/k-sugar in Milk. — For this purpose the fat and 
IsBvo-rotatory casein must first be removed. Fifty cubic centimetres 
of milk are placed in a porcelain basin along with 25 cubic centi- 
metres of a moderately strong solution of ordinary acetate of lead, 
heated to the point of incipient boiling, and afterwards allowed to 
become perfectly cold. The mixture, together with the coagulum,i8 
then poured into a 100 cubic centimetre flask, and water added to bring 
it up to the mark. After shaking and filtering, the rotation is observed 
in a 2 decimetre tube, and the result so obtained doubled on account. 
of the solution having been diluted to half its original strength. 
When the milk exhibits a strong acid reaction, it should first be 
neutralized with a few drops of soda solution. As the volume of pre- 
cipitate is considerable, the result will be somewhat too high (see § 93). 



D. Determination of Cinchona Alkaloids. 

§ 103. The specific rotation of the cinchona alkaloids and of their 
most important salts has been studied in detail by Hesse.^ The values 
so determined serve both as a means of testing the purity of other 
samples, and in determining the composition of mixtures. Oudemans^ 
has also made a number of observations on the same subject. 

The rotation constants which have been determined with the 
greatest accuracy are those of quinine, cinchonidine, conchinine 
(quinidine), and cinchonine. In each of these four alkaloids the 
specific rotation varies considerably with the nature of the solvent, 
and decreases, moreover, with increase of concentration. Hesse has 
investigated the rotation of solutions containing, according to their 
respective solvent powers, from 1 to 10 grammes of substance in 100 
cubic centimetres of solution, and has found that within these limits the 
variations are represented by the formula [a] = A — B c. As sol- 
vent, alcohol of 97 per cent, by volume was employed for the pure 

» Tlosse : Liebi^'s Ann. 176, 203 ; 182, 128. * Qudemaus : Idem., 182, 33. 
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iloids, and for their salts either water, dilute hydrochloric or 
)huric acid of known strength, the latter being added in such 
ntity that the solutions contained for 1 molecule alkaloid not more 
n 3 molecules H CI or Hg S 0^. This was the proportion of acid used 
) in the solution of the free alkaloids. In calculating the number of 
lie centimetres of standard acid to be added to a given weight of 
aloid, Hesse took 31b for the molecular weight of all four bases, 
ug the mean of 308 (CgQHg^NoO^, cinchonine and cinchonidine), 
I tJ24 (.OgQ H34 Ng Og, quinine and quinidiiie). The error arising 
m the slight difference from the true molecular weight is trifling. 

As the rotatory power of solutions containing alkaloids decreases 
re or less with a rise of temperature, the solutions must be kept 
i constant, temperature. Hesse took 15° Cent, as a standard. 

The following tabular arrangement shows the constants obtained 
Hesse with preparations of the highest possible degree of purity. 

The numbers have reference — 

1. To compounds of the alkaloids having the chemical formulaa 
Dectively assigned to them (water of crystallization included). 

2. To the alkaloid contained in these compounds — the latter 
abers being calculated from the former.^ 

(As in *previou8 cases c stands for the number of grammes of 
ve substance in 100 cubic centimetres of solution ; and for subse- 
nt reference the formulae are numbered.) 

Quinine [/(vvo-rotatorij) . 

nine hydrate^ Cgo Hg^ Ng O3 + 3 Hg 0. 

Solution in alcohol 97 per cent, by vol. c = 1 to 10. 

[aJD = - (145-2 - 0-657 c). 
nine hydrochloride , Cgg Hg^ No Og . H CI + 2 Hg 0. 

Solution in water, c = 1 to 3. 

'If [o]„ be the specific rotation of a compound and [o]^ that of the active group 
alkaloid) contained in it, then putting M and in as the respective molecular 
hts: 

Ha = [a]. . -^ . 

rhe equation which expresses the value of constant for compounds 

[a]v = A ± Be 
be transformed for active groups into 

\ ^n J m m \ ^ I 

e c' is the amount of essential active substance (alkaloid) in c parts by weight of 
ompound. (Hesse: Liebig^s Ann. 182, 131.) 
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(2) Compound [a]jy = - (144-98 - 315 c). 

(3) Alkaloid [a]jy = - (167-41 - 471 c). 
Solutions in hydrochloric acid : 

1 mol. hydrochloride 4- 2 mols. H 01, or 1 mol. quini 
hydrate 4- 3 mols. H CI + water to 100 cub. cei 
c = 1 to 7. 

(4) Hydrochloride [ajn = - (229*46 - 2*21 c). 

(5) Alkaloid [aj^ = - (280-78 - 3-31 c). 

Quinine sulphate (neutral), 2 (Cgo £[24^2 ^2) • Hg S O^ 4- 8 HgO. 

(6) Solution in alcohol of 80 per cent, by vol. c = 2- 

[ajn = - 162-95. 

(7) Solution in alcohol of 60 per cent, by vol. c = 2. 

[ajo = - 166-36. 

Solution in hydrochloric acid : 

1 mol. sulphate 4- 4 mols. H CI 4- water. 

(8) Anhydrous salt, c = 2. [ajn = - 239-2. 

Quinine sulphate (mono-acid), (CgQ Hg^ Ng Og) . Hg S 0^, 4- 7 Hg 0. 
Solution in water, c = 1 to 6. 

(9) Salt [a]D = - (164-85 - 0-31 c). 

(10) Alkaloid [ajn = - (278*71 - 0*89 c). 

Quinine disulphate (di-acid), (Cgo Hg^ Ng O2) . 2 Hg S O4 4- 4 Hg 0. 
Solution in water, c = 2 to 10. 

(11) Salt Wd = - (155-69 - 1-14 c). 

(12) Alkaloid [a]j, = - (284-48 - 379 c). 

For the rotation of this salt with 7 mols. H^ 0, see Chapter VII. 
Solutions in sulphuric acid : 

I. 1 mol. quinine hydrate 4- 3 mols. Hg S O4 4- water to H 
cub. cent. 

(13) c = 1 to 5. Hydrate [a]j, = - 246*63 - 3-08 c). 

(14) Alkaloid [aj^ = - 287*72 - 4*19 c). 

II. 1 mol. sulphate 4- 2 mols. Hg S O4 4- water to 100 ci 

cent. 

(15) c = 1 to 10. Sulphate [aj^ = - (171*68 - 0*78 c). 

(16) Alkaloid [a]jy = - (290*36 - 2*23 c). 

III. 1 mol. disulphate 4- 1 mol. Hg S O4 4- water to 100 cu 
cent. 

(17) c = 2 to 6. Disulphate [a]jy = - (] 53*87 - 0*92 c). 

(18) Alkaloid [a]jy = - (281*15 - 3-11 r). 
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Cinchonidine {Imvo-rotatory) . 

Tmchonidine, CgQ Hg^ Ng 0. 

Solution in alcohol of 97 per cent, by vol. c = 1 to 5. 

19) [a]D = - (107-48 - 0-297 c). 

Unchonidine hydrochloride, Cgo Hg^ Ng . H CI + Hg 0. 
Solution in water, c = 1 to 3. 

20) Salt Md = - (105-34- 0-766'). 

Jl) Alkaloid [aj^ = - (123*98 - 1 05 c). 

Solutions in hydrochloric acid : 1 mol. hydrochloride + 2 mols. 
H CI or 1 mol. alkaloid + 3 mols. H CI 4- water to 100 
cub. cent, c = 1 to 10. 
^2) Salt [aJD = - (154-07 - 1-39 c), 

i3) Alkaloid [a]^ = - (181-32 - 1-925 c). 

^inchonidine sulphate (neutral), 2 (Coq II24. Ng 0) . Hg S O4 + 6 II3 0. 

-4) Solution in water, c = 1-06. Salt [ajn = - 106-77. 

Alkaloid [ajn = - 142-31. 
inchonidine sulphate (mono-acid), (Cgo Hg^ Ng 0) . Hg S 0^ + 5 Hg 0. 

5) Solution in water. c = 2. Salt [aj^ = — 110*5. 

Alkaloid [ajo = - 177-95. 
hichonidine disulphate (di-acid), (Cg^ H34 Ng 0) . 2 Hg S O4 + 2 Hg 0. 

Solution in water, c = 1 to 7. 
C) Salt [aJD = - (105-96-1-0267 c + 0-03376 c2-0-00104 c^). 

7) Alkaloid [aJD = - (185-77-3-1557 c + 0*18158 c^-O-OOOSl c^). 

Quinidine or Conchinine {dextro-rotatory). 

dnidine hydrate, CgQ Hg^ Ng Og + 2| Hg 0. 

Solution in alcohol of 97 per cent, by vol. c = 1 to 3. 

8) Hydrate [ajo = + (236'77 - 3-01 c), 

9) Anhydride [aj^ = 4- (269-57 - 3-90 c). 

dnidine hydrochloride, CgQ Hg^ Ng Og . H CI + Hg 0. 
Solution in water, c = 1 to 2. 

0) Salt [a]D = + (205-83 - 4-93 c). 

1) Alkaloid [ajo = + (240-45 - 6-60 c). 
Solutions in hydrochloric acid : 1 mol. hydrochloride + 2 mols. 

H CI, or 1 mol. alkaloid + 3 mols. H CI + water to 100 cub. 
cent. 6* = 1 to 5. 
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Alkaloid [a]jy = + (206-79 - 1-26 c). 
'olution in sulphuric acid : 2 mols. dicinchoninc sulphate + 5 
mols. Ilg S O4 + water to 100 cub. cent, or 3 mols. sulphuric 
acid to 1 mol. alkaloid, c = 0*5 to 6. 

Sulphate [aj^ = + (21910 - 1*85 c). 
Alkaloids [a]jy = + (266-07 - 269 c). 
•'or the rotatory powers of the other cinchona bases, see 
ter VII. 

ii 104. Oudemans^ has determined the specific rotation [aj^ of 
drous quinine and cinchonidine (both lajvo-rotatory) in solution 
'solute alcohol for difierent degrees of concentration (c grammes of 
ance in 100 cubic centimetres), and at difierent temperatures t, 
the following results : — 

Quinine. 



0' 



171-4° 
170-5° 
169-6° 
168-9° 
168-2° 



c = 2. 


c = 3. 
167-9° 


c= 4. 
166-1° 


c — 5. 
164-2° 


c = 6. 


169-6^* 


162-4° 


168-7° 


167-0° 


165-2° 


163-4° 


161-6° 


167-8° 


166-1° 


164-4° 


162-7^ 


160-9° 


167-1° 


165-4° 


163-7° 


162-1° 


160-4° 


166-6° 


164-8° 


163-2° 


161-6° 


159-8° 



t. 



15° 
20° 



Cinchonidine, 



c = 1-5. 


c =2. 


c = 2-5. 


c == 3. 

108 8° 
107-8° 


c = 3*5. 

108-4° 
107-4° 


110-0° 
109-0° 


109-6° 
108-6° 


109-2° 
108-2° 



c = 4. 



108-0° 
107-0° 



By employing a dilute alcohol as the solvent, the specific rotation 
he cinchona alkaloids decreases with the amount of the dilution. 



Oudemans : Licbig^s Ann. 182, 46. The results obtained by Oudemans do not 
it of strict comparison with those given by Hesse, as the former employed absolute, 
the latter 97 per cent., alcohol. 
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Oudcmans gives the following observations on this point made 
temperature of 17° Cent. 



Quinine. 


Quinidine. 


Cinchonidine. 


Por cent, 
of Alcohol 
by Weight. 


[o]d for 
c = 1-62. 


Per cent. 

of Alcohol 

by Weight. 


[o]u for 
c = 1-62. 

+ 255-4° 


Per cent, 
of Alcohol 
by Weight. 


[o]d foi 

c = 1-5 


100-0 


- 167-5° 


100-0 


100-0 


- 109-f 


94-9 


- 109-7° 


95-3 


+ 257-6° 


90-5 


- 115-( 


93-0 


- 170-4° 


90-5 


+ 259-0° 


80-2 


- ll7-( 


90-5 


- 171-9° 


85-0 


+ 259-4° 


70-8 


- 120-^ 


83-3 


- 174-3° 


80-0 


+ 259-3° 


69-0 


- 121-1 


73-9 


- 176-r 


75-0 


+ 259-4° 




— 


66-1 


- 176-5° 


— 






— T 



The following values, also given by Oudemans, for the spe 
rotation of the various salts, apply to solutions containing each 
to 0*324 gramme (molecular weight of Cgo H24 Ng and Coq HojN 
of the particular alialoid in 20 cubic centimetres of solution, or 
to 1*62 grammes per 100 cubic centimetres. Temperature, 17° 





Solvent. 

• 


Specific Rotation [ 


Salt. 


Anhydrous 
Salt. 


iMVrtli 


Quinine 








Neutral Sulphate 








2 (Coo Hot No O2) . Ho SO4 
' +7iHoO 


Absolute Alcohol 


- 157-4° 


- 21 


Acid Sulphate 








Co„H24N20o.H2S04 + 7H20 


Water 


- 213-7° 


- 27 


}> a >> 


Absolute Alcohol 


- 134-5° 


- 22 


Neutral Hydrochloride 








C2oH24N2 0o.Ha + 2H2 


Water 


- 133-7'' 


- 16 


>» n >> 


Absolute Alcohol 


- 138-0° 


- 16 


Neutral Oxalate 








2(C2oHo4N2 0o').C2Ho04 

"+ 3 Ho 


Absolute Alcohol 


- 131-4° 


- 16 

1 
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Solvent. 


Specific Rotation [0]^. 


Salt. 


Anhydrous 
Salt. 


Alkaloid. 


7hichoni(Une 








itral Sulphate 








Sr20)H2S04 + 6HoO 


Absolute Alcohol 


- 118-7° 


- 157-6° 


>> >> 


Alcohol 89 per cent.by Weight 


- 128-7° 


- 171-8" 


»> >> 


Alcohol 80 per cent.by Weight 


- 131-2° 


- 175 1° 


itral Nitrate 








0O.HNO3 + H2O 


Water 


- 99-9° 


- 126-3° 


If >» 


Absolute Alcohol 


- 103-2° 


- 130-4° 


• 


Alcohol 89 per cent.by Weight 


- 119-0° 


- 150-4° 


>> »» 


Alcohol 80 per cent, by Weight 


- 127-0° 


- 160-4° 


il Hydrochloride 








r20.HCl + 2H20 


Water 


- 104-6° 


- 129-2° 


»> >> 


Absolute Alcohol 


- 99-9° 


- 123-6° 


>> >> 


Alcohol 89 percent, by Weight 


- 119-6° 


- 147-7° 


>> >• 


Alcohol 80 per cent, by Weight 


- 128-7° 


- 169-0° 


j»2«c {Quinidinc) 








tral Sulphate 








r202).H2S04 + 2H20 


Absolute Alcohol 


+ 211-6° 


+ 265-2° 


utral Nitrate 








•4 N2 O2 . H N O3 


Absolute Alcohol 


+ 199-3° 


+ 232-6° 


l1 Hydrochloride 








,02.HC1 + 2H20 


Water 


+ 190-8° 


+ 233-6° 


>> ?> 


Absolute Alcohol 


+ 199-4° 


+ 244-1° 


>) j> 


Alcohol 90*5 per cent, by 
Weight 


+ 213-0° 


+ 260-7" 



05. The constants given by Hesse and Oudemans serve for 
the purity of commercial samples. For this purpose it is 
•y, of course, that the conditions in respect of solvent and 
ration should be the same as in the determination of these 
values, and the temperature should not diflfer very much. 
3r, it is necessary, in dealing with compounds containing 
f crystallization, to determine directly the amount of the 
Q order either to establish the identity of the same with the 
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formula assigned, or, if it disagrees, to be able to find the pt 
ccntage of anhydrous substance, viz., of alkaloid present. 

To give some idea of the amount of variation that may 
expected, a few determinations of specific rotations obtained by Hm 
and Oudemans respectively, for the same substances are given beta 
This 18 only practicable in the experiments made on aqueous solutioi 
as the other solutions employed by these observers are not cw 
parable. Employing the constants given in §§ 103, 104, the speci 
rotation for the pure alkaloid, in a solution of 1 6 grammes in K 
cubic centimetres, appears for the undermentioned salts as follows: 





Hesse. 


Oudemans. 


Difference. 


Quinine sulphate . 


. - 277° 


- 278° 


1° 


Quinine hydrochloride . 


. - 160° 


- 164° 


4° 


Quim'dine hydrochloride 


. + 230° 


+ 234° 


4° 


Quinidine hydrochloride 


. - 122° 


- 129° 


r 



It thus appears, that with samples equally pure, different observi 
may obtain values dilBfering by seven degrees, or even more. 

The difierences, however, which occur when impurities i 
present, are much larger in amount when another alkaloid 
present, the specific rotations of the four cinchona bases differ: 
very considerably from one another. This is shown in a number 
experiments by Hesse, of which the results are as follows : — ^A s( 
tion of a specimen of neutral diquinine sulphate, which a sepai 
analysis showed to contain 15 per cent, of water of crystallizal 
was prepared with hydrochloric acid having a concentration 
2 grammes anhydrous base. To prepare 50 cubic centimetre 
this solution, since 85 parts of anhydrous base were equivaler 

100 parts of the hydrated substances, — ^^ — =1*176 grammes, 

required. This amount was put in a 50 cubic centimetre fl 
together with so much standard hydrochloric acid to give for 1 ir 
cule (C3Q Hot ^3 ^3)2 • Hg S O4 four molecules H CI, and the resul 
solution diluted up to the mark with water. Observed in a W 
polariscope with a 2 decimetre tube, the solution gave an ang 
rotation ajy = — 9*58°, whence the specific rotation of the anhyd 

, , 9-58 X 100 
substance = 2~x~2~ ^ " 239"5°. 

Now the figures in § 103 (8), show that perfectly 
sulphate of quinine in such a solution gives [aj^ = — 239*2'' ( 
mean of three observations which gave respectively 239-1° ; 2*)i 
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9*3°) and hence the preparation under examination must have 
een free from admixture. 

Three other samples of commercial sulphate of quinine, exa- 
ined under like conditions, gave the following specific rotations 
spectively : — 

- 236-6°, - 235-5°, + 109*5°. 

Of these the two first agree so nearly with the normal value 
at no admixture of foreign substance, at least in any appreciable 
uantity, could have been present ; the third, on the contrary, shows 
^ «uch a marked rotation to the right, that it must contain a notable 

«maount of quinidine and cinchonine. 
I In this way Hesse showed that a so-called quinidine disulphate 

[ of English houses is an essentially different product from pure 
I Quinidine (conchinine) sulphate as prepared by the firm of F. Jobst, 
rof Stuttgart. 

These preparations exhibited the following differences : — 

Quinidine (conchinine) sulphate, with 4 mols. HCl c = 2) r-. _ „ q 

'- (anhydrous salt) . . f L Jn 

^Suglish quinidine sulphate, with 4 mols. H CI, e = 2 (anhy- ) r -i _ ^^ o 

drous salt) ........./ '• 

■ Quinidine (conchinine) sulphate, with 4 mols. Ho SO^, c = 2) r -,- _ oqao i. o 

/_ r j_ ij\ i L*Jd — "{" •aoO to 282 , 

(anhydrous salt) . . . . . . . . ) 

JBInglish quinidine sulphate, with 4 mols. H^ SO4, c = 2\ ^ -. _ ni^ "o 
(anhydrous salt) . . . • . ' . . ./ L«Jd- +247*0. 

The direct optical analysis of alkaloids in cinchona-bark extracts 

is, as Hesse remarks, beset with difiiculty from the solutions contain- 
p^ ^S * yellow colouring matter, which cannot be removed alone, and 

which impedes accurate observation of rotation. Hence the polar- 
}''■■' iscope cannot serve for the direct valuation of cinchona-barks, 

although it provides a useful check on the results obtained by other 

modes of analj'^sis. 

§ 106. Optical Analysis of Mixtures of Cinchona Alkaloids, — The 
quantitative composition of a mixture of two alkaloids may be 
deduced from its specific rotation with the aid of the values given 
in § 103. 

To test this method Hesse^ determined the specific rotations of 
a number of mixtures of known composition, to ascertain whether 
the former could be deduced from the rotatory powers of the 
constituents. This was found to be suflSciently exact, and therc- 

1 Hesse: Ziebiff's Ann. 182, U6. 
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■ v^ ':v.' xs$«.v*ar!oii ot alkaloids in solution does not ma! 
L::t.r*-. rv virh r':-»ir iniividaal optical properties. HeneeBtit 
;u.*:i:i:u::ve 1:111' p*:* by tiis method is practicable.^ ■ vi 



VS u \it I .-.. J— ii— ^ liiT «r*ci£c rotation of a mixture from tho«e of ieu 
-i^^...^ « -- >- •-< i::ltr*»T.'.-i \j taking an example. Let us snppof 
.. N. . • . ^ :.'.L.':- ^ : ;"i:=_z.v Ij Lr.«.il-. ride with 1 gramme of cincLorisr ij4 
.-^js.. -.•• *-.:■-? :. !-• on: 10 tentimetres. The specific rocaLiuatifi 



>.*-■.'« " ^ 



v.. .. ■ . . 



. .\i \..»* 



. .', . - .:. .--: T .r=x. 2) >':, = - (144-9S - 3-15/, 

:- .::: r.I= T.r=i. 42) 'a'o = -^ (IGooO - 2-42ofi. 

*\ ... . .:..:.. i-Ir-.H.rlir. whenf = 2 [a]i, = - 13S-6S, 

.... . :. . u-'^i. -r-r-.'izL.Tii-i when <• = 1 [a]o = - 163*07. 

, . . . a = Ta"] / . c 

^ .'■. ^ 4,'..-. ■* : r ^ 'jz lilt fc'iuiion 



iOO 



■ ^ . • 

1 



we obtain the sn^i 
.." : :l:^*i frr*iz-rths ou^ht to give, when observed in » oh 

c = '2y angle a = - 2-774" 



V . \ ..*^ '.Xi "-. ^'- '■■ 



\ » 



■•• * 



-^.il rl^ whtna. r = 1, ,, = ^ 1-631' 

.V. Ti-'wr:?^ when <■ = 3, angle a = - M43\ 
.: : :Ii-. nixi'iir'r should be 

: u-: X loo 



* V o 



= - 3S1=. 



10 
k 
tic 



K "I 



.O = - 374^ 

..v-_r:- : -.mkn-.wTi 'imposition, we are unable » 

- ■ TT: -T. -L,-^ :■.' the amount;* of the separate suVi 

' ■-. : -..LL: : r ■ in ..a-.h oa.se the total weight of mixtme 

V. .7..:Kr? .l.silv -.i^z-i-in-^ n-ith the results of actiul 

: 1 v._- 1- ^Ivrn :ibove we had taken c in each c« 

■'•: ,■.:;:■. ::.-: Til-nes fjr specific rotation correspondm? 









: = O. tti:. = 



- 13.5o3, 
-r 1.58-23, 






= 2. a = 
= .. a = 



- 2-711= 
+ 1-.")S2- 



• . .1. 



^. \ . Ik. 



... _ ■ -.aa^. . .. 



■ = o. c = - l-12l»\ 

-* 1 d->.imotre tube, whence the specifif 






= - 37*6-. 



■ ^. '■>>>. v.. : s:rU^:!y accurate, is found to yield fairir 

■ '• .vv.::::;i:iv^ mixture does not contain more than* 

. ■. >\„N.x :;.; :~^^^ values of r for the components dow* 

...i ■,'■.. xfc :;ol^ :uis.:un% and so the departure from the 
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The mode in which the percentage composition of a mixture of 
^o alkaloids is deduced from the observation of its specific rotation, 
ill be seen from the. following examples given by Hesse : — 

I. Four grammes of a mixture of quinine hydrate and cincho- 
^dine were dissolved in alcohol of 97 per cent, by volume, to form 
30 cubic centimetres of solution. Examined in a Wild's polar- 
cope with a 2 decimetre tube, the solution gave an angle of rota- 
on oj) = — 9*95°, and thus the specific rotation of the mixture 
as 

_ 9-95 X 100 _ 

The specific rotation of the individual alkaloids is, according to 
103, when c = 4, 

Quinine hydrate, according to Form. (1) : [aju = — 142'5'/''. 
Cinchonidine, according to Form. (19) : [ajo = — 106*29°. 

Putting X for the required percentage of quinine hydrate, 
hereby that of cinchonidine = 100 — x, we get the equation 

- 142-57 a?- 106 29 (100 - x) = 124-37 x 100, 

hence 

100 (124-37 -106-20) ^^^^ 

142o7 - 106-29 ' ' 

According to this, the mixture consists of 

Quinine hydrate 49*8 parts. 
C'inchonidine 50*2 „ 

Too •¥ parts! 

The real composition of the mixture actually consisted of equal 
rts of the alkaloids, with which the results of optical analysis 
rncide almost exactly. 

II. A mixture of 3 parts quinine sulphate and 1 part quinidine 
Iphate gave in an aqueous solution containing 4 grammes in 100 
bic centimetres, the specific rotation [ajo = — 71*87° : — 

For quinine sulphate, according to Form. (9), when c = 4 : 

[a]D = - 163-61°. 
For quinidine sulphate, according to Form. (37), when c ^ 4: 
[ajo = + 208-80°. 
Indicating by x the percentage of quinine sulphate we have : 

- 163-61 a: + 208-80 (100 - x) = 71*87 x 100; 
iPTicp X = 7''^)'4 per cent. 
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m which we have the following : — 

By optical 
analysis. 
Quinidine 45*G 
Cinchonine 54*4 


Actual 
composition. 
46-8 
53-2 



100-0 100-0 

To analyze a mixture of three cinchona alkaloids in a similar 

.nner, the specific rotation must be determined by means of two 

Ferent solvents. Thus, Hesse^ has investigated weighed mixtures of 

Lchonidine, quinidine, and cinchonine, in the following solutions : — 

I. 0-5 gramme of the mixture dissolved in alcohol of 97 per 
it. by volume, into a 25 cubic centimetre solution, so that the 
icentration c = 2 gave in a 2 decimetre tube an angle of rotation 
= + 2-78°, whence [a]jy = + 69-5°. 

II. 0*5 gramme of the same mixture dissolved in hydrochloric 
id to a 25 cubic centimetre solution, containing 3 molecules HCl 

1 molecule alkaloid, gave in a 2 decimetre tube a = -f 2*82°, 
lence [ajp = + 64-09°. 

Now the specific rotations of the three alkaloids, with a concen- 
ition c = 2, are as follows : — 

Solution in alcohol. Solution in hydrochloric acid. 
Cinchonidine [a]jy = - 106-89 Form. (19) - 177*47 Form. (23) 
Quinidine [ajp = + 261*77 „ (29) + 329*94 „ (33) 
Cinchonine [ajo = + 226*13 „ (41) + 259*12 „ (45) 

Putting Xy y, z, for the several required proportions., cinchoni- 
ne = X, quinidine = y, and cinchonine = z, we get the equations : 

X + y + z = 100 

- 106-89 X + 261-77 y + 226*13 2? = 100 x 69*50 

- 177-47 X + 329-94 y + 259-12 2; = 100 x 64-09 
rom the solution of which we obtain : — 

By optical Actual 

analysis. composition. 
Cinchonidine 51-5 5r3 

Quinidine 42-9 38-3 

Cinchonine 5-6 10*4 

100*0 100-0 

While the values for cinchonidine agree, there are considerabio 

^ Hesse: Liebiy's dnn. 182, 152. 
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differences between those for each of the other two alkaloids. Thett 
differences disappear when in the analysis of solution I. the 
angle of rotation 2*80° is substituted for 2*78°, and in that rfi 
solution II. a = 2*80° instead of 2-82°. Errors of observation thni 
exert considerable influence over the results, and, consequently, the 
optical analysis of a mixture of three alkaloids is attended with some 
uncertainty. 

§ 107. Other experiments for determining by the polariscope 
the composition of various mixtures of cinchona bases have been 
made by Oudemans,^ j^^-* ^^^ with fairly satisfactory results. 

The following special method for determining the quinine in 8 
mixture of quinine and cinchonidine, has been given by Oudemans:— 

If to any solution {e, g., bark-extract) containing the above 
alkaloids, as sulphate or chloride, we add a solution of neutral 
tartrate of potash or Rochelle salt, the tartrates, being insoluble 
in water, are precipitated : — 

Quinine tartrate (Cgo Hg^ Ng 03)3 . C^ Hg Og + H2 0. 

Cinchonidine tartrate (Coq H04 Ng O)^ . C^ Hg Oq + 2 Hg 0. 

Each of these compounds is readily soluble in dilute hydro- 
chloric acid, and Oudemans took the rotations in three solutions of 
different concentrations. Each of the solutions contained for every 
0*4 gramme of the tartrates, 3 cubic centimetres normal hydro- 
chloric acid (containing 36 '4 grammes H Cl per litre), and was made 
up with water to 20 cubic centimetres. At a temperature of 17° 
Cent, the following rotation-constants were observed : — 

Quinine tartrate. Cinchonidine 
0*4 grm. tartrate + 3 cub. cent. \ tartrate, 

normal hydrochloric acid ( ^ ^ orr o 1 n iqi'? 

-f water to 20 cub. cent- ( ^ ji^ l ju 

solution ^ 

0*8 grm. tartrate + 6 cub. cent. \ 

normal hydrochloric acid/ ^o.^ 

-f water to 20 cub. cent. ( l ji^ l ju 

solution ^ 

/ 1*2 grm. tartrate -f 9 cub. cent. \ 

\ normal hydrochloric acid / -^^^OT'S. M^^ -12^ 

I -f water to 20 cub. cent, r*- -^^ "- -^^ 

\ solution y 

» Ondpmans: /:/>%'.«? Jfm. 182, 63, 6r). 
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By means of these figures the percentage composition may be 
mined of a mixture of the two tartrates, obtained as evaporated 
.ct from a solution. For this purpose we dissolve 0*4, 0*8, or 
gramme of the dried extract, in 3, 6, or 9 cubic centimetres 
al hydrochloric acid, dilute the solution to 20 cubicJ centimetres 
water, and observe the specific rotation at 17° Cent. Denoting 
by Jf, and putting x for the required percentage of quinine 
ite, we can calculate its value from one of the following 
iilae: — 

100 (Jf- 131-3) 



Concentration 0*4 



Concentration 08 



Concentration 1*2 



X = 



X = 



215-8 - 131-3 
100 (if - 129-6) 

211-5 - 129-6 



100 (M - 128-1) 

X = -- 



207-8 - 128-1 

A number of experiments by Ouderaans showed, however, that 
Toportion of quinine calculated as above is, in most cases, too 
This is seen in the following results: — 



ntration. 


Observed 

Specific 

Botation. 


Tartrate of 

Quinine calculated 

from Specific 

notation. 


i 
True percentage 

of Tartrate of 

Quinine. 


1 
1 

1 
Difference. 


/ 












152-5'' 


25-1 per cent. 


25-0 per cent. 


+ 0-1 




IGo-y** 


40-7 „ 


39-7 „ 


1 + 10 


4 ! 


183-5° 


61-8 „ 


60-0 


+ 1-8 




196-3° 


75-7 „ 


75-2 „ 


+ 0-5 


\ 


203-3** 


85-2 


85-2 „ 
25*3 "pev cent. 





' 


150-2° 


25-0 per cent. 


' - 0-3 

j 




170-8" 

• 


60-3 


50-0 


+ 0-3 


8 s 


183-7° 


66-0 ,, 


64-3 


+ 1-7 


195-3° 


80-2 „ 


79-6 „ 


+ 0-6 

1 


, 


196-1° 


80-0 „ , 


80-2 „ 


- 0-2 


\ 


t 

147-5° 


24*3 per cent. . 


24-9 per cent. 


- 0-6 


171-3° 


54-1 „ ' 


54-6 „ 


- 0-5 


\ 


189-1° 


76-4 „ 


75-4 „ 


+ 10 
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grammes c of active substance per 100 cubic centimetres of solution 
Qay be found from the equation 

_ a X 100 

^ - [a] X r 

Similarly, the proportion of an active solid substance in ad- 
aixture with inactive substance can be found by dissolving a known 
^-eight, p, to a given volume, v cubic centimetres ; then the per- 
entage of solid substance present is represented by : — 

a X f? X 100 

^ ^ [7] X I xp ' 

Of course, it is here assumed that the inactive ingredients 
present in solution exert no influence on the specific rotation of the 
€tive substance. 

(b) In certain cases also, for the quantitative analysis of 
nixtures of two active substances, as in the case of the cinchona 
.Ikaloids, §§ 106, 107. 

The values cannot, however, be applied in any way for comparison 
>f the rotatory powers of different active substances with each other, as 
bey refer only to solutions of a given composition, and do not 
'epresent the actual specific rotation of the pure substance itself. 

All the specific rotations hereafter given, refer to the compounds 
>f the exact composition denoted by the chemical formuloe annexed ; 

that, where the substance contains water of crystallization, the 
ralues refer to the hydrated substance. If the specific rotation of 
he anhydrous substance is required, it can be calculated from the 
'ormula 

M 

[a] anhydrous = — [a] hydrated, 

H which M represents the molecular weight of the hydrated 
substance, and m that of the anhydrous substance. 
As before : — 

•]d, [o]j denote respectively the specific rotation for ray B and for tlio transition 
tinty. 

1 denotes angle of rotation for a layer 1 decimetre thick. 

„ (concentration) the number of grammes of active substance in 100 cubic 
centimetres of solution. 
' „ (percentage composition) the number of grammes of active substance in 

100 grammes of solution. 
^ „ specific gravity of the solution. 

„ temperature (Cent.) at which the rotation has b^eii oVj^ctn^^ 
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lu referring to memoirs the following abbreviations have 
adopted : — 

L. A. stands for Liebig^s Annalen der Ckemie u. Fharmacie, 

J. P. C. ,, Journal fiir pfaktische Ckemie. 

D. C. G. „ Berichte der deutselien chtmischeu GeselUchaft. 

K.Z.J. ,, Zeitschrift deti Vereifufiir JtubenzuekctHndustrie de* deuUchen lliiek, 

A. C. I*. ,, A finales de cki/nie et de phytsique, 

C R. „ Comptes rendus. 

J, B. ,, Jaht'CHberkht der Chcmie. (Giesseu.j 



§ 109. Sugars, G^ Ho, On- 

Canc^-Sugar, C^ Hg, 0^^, Dextro-rotator}'. Aqueous sob- |rr 
tioiis. Tolleiis(D. C. G, 1877, 1403) gives the annexed formulae:— 

1. Si)ecific gravity of solutious at 17 '6° Cent. refeiTod to that of water of 4" Cent 
Kotatiou observed at 20° Cent. 

/; = 4 to 18. [a]y = 66-810 - 0-015553 jy - 0*000052462^-. 

j» = 18 to 69. [o]u = 66-386 + 0-015035 j» - 0-0003986 ;;». 

<^ = 82 to 96. [o]o = 64-730 + 0026045 q - 0000052462 ^. 

y = 31 to 82. [a]o «^ 63-904 + 0064686 q - 00003986 ^. 

2. Specific gi-avity of solutions at 17*5° Cent, ref eiTed to that of water at 17'^ 
Cent. Kotatiou at 20"* Cent. 

p :^ 5 to 18. [a]o = 66*727 - 0-015534/? - 0-000052396 jtr. 
p = 18 to 69. [a]u = 66-303 - 0*015016/; - 0-00039dl /?2. 

Schmitz (D. C. G. 1877, 1414. H. Z. J. 1878, 48), from the 
experiments referred to in § 37 gives the formulae : — 

1 . Specific gravity of solutions at 20® Cent, referred to that of water at 4° Cent. 
Kotatiou observed at 20° Cent. 

q = 35 to 98. [a]u = 64'156 + 0051596 y - 0*00028052^2. 

2. Specific gi-avity of oolutions at 20° Cent, referred to that of water at Uo'Ceut. 
Kotatiou at 20° Cent. 

r = 10 to 86. [o]d = 66-453 - 0*0012362 <? - 000011704 <j». 
r = 3 to 28. [a]p = 66*639 - 0020820 e + 0*00034603 tr. 
<• = 3 to 28. [uji, = 66*541 - 0*0084153 c. 

Hesse ^L. A. 176, 97) found for 

r ^ tu 10. [o].. - 08-65 - 0*828 v + 115415 e;- - 0-0054167 r^. 
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Previously, the following values of [a]i> had been given, without 
ing into account the alterability of the rotation^ : — 



Observers. 


1 

c 

1 


w 


1 

! 


idtscn 


77-394 


6702 


' A. C. P. (3) 54, 403. 


ty . . . 


47-276 


67-33 


1 A. C. P. (3) 54, 403. 


,, . . . 


! 3a-891 


66*86 


A. C. P. (3) 54,403. 


Fan . . . . 


33-762 


66-37 


1 Wiener Ak. 62, II. 486 


Id ... . 


, 30-276 


66-42 


Polaristrob. Bern, 1866. 


IBS . 


1 30-090 


1 65-98 


i Wiener Ak. 69, III. 162 


shschmid 


27-441 


1 66-48 


J. P. C. (2) 2, 235. 


fan . . . . 


, 21-608 


, 66-75 


Ibid. 


deron 


! 19-971 


67-of 


C. R. 83, 393. 


ecke 


16-470 


67-02 


Diasert. Utrecht. 1867. 


rard and Liiynea 


16-350 


' 67-31 


C. R. 80, 1364. 


3iS8 . . . , 


14-570 

1 


! 66-04 


! Ibid. 


)f an . 


10-375 


! 06-12 


Ibid. 


Lderon 


. i 9-986 


1 67-12 


Ibid. 


demans . 


. i 6.877 


66-90 


i Pogg. Ann. 148, 350. 



The specific rotation for different raya has been determined, 
cording to Broch's method, by Arndtsen (A. C. P. (3) 54, 403) and 
' Stefan {Sitz.-Ber, d, Wiener Akad. 52, II. 486). 

Arndtsen, employing solutions with 30 to 60 per cent, of sugar, 
)tained the following mean values: — 

Lines CLE h F e 

[a] 53-41 67*07 85-41 88-56 101-38 12633. 

Stefan, with solutions wherein j9 = 10 to 30 per cent., obtained 
J mean values : — 



Lines 

w 

Lines 



A 
38-47 

E 
84-56 



a 

43-32 

b 

87-88 



B 

47-56 

F 

101-18 



C 
62-70 

G 
131-96 



D 
66-41. 

H 
157-06. 



The latter values can be derived from the equation 

i] = —-2 5*58, taking the wave-length A. in ten-thousandths 

f a millimetre. 

^ As the specific i-otation observed by Girard and Luynes, and also by Calderon 
ith sugar solutions, in which c = 10 to 20, Wz., ([o]n = 67*1 to 67-3) differs consider- 
)ly from 66-5, the result obtained by Tollens and Schmitz, Tollens crystallized 
resh some pure sugar, and examined the rotation in several crops (D. C.G., 1878, 1800). 
e obtained with c = 10 the value [o]n = 66*48. (Specific gravity of the solutions at 
■ 'y Cent, with rcfei*oucc to that of water at 4" Cent.) The value 07 itJ ccvtvv.vtt.\^ t'Wi\\\^ . 
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For the transition tint the following values have beei| 
obtained : — 

P = 25. [al = 72-92 j 

p = 60. [al = 72-61 ^^^j 

<j = 10 to 20. [oj = 73-20. Calderon (C. R. 83, 393). 

Adopting Montgolfier's ratio, a^ : Oj = 1 : 1*129, in the case of 
sugar (§ 18, p. 43) we get, if [a]D = 66-5, [a]j = 75-08. With Weiss' 
co-efficient 1*034 (§ 18), [a]j = 68*76. 

Stefan's dispersion-formula gives for Aj = 5*5, [a]j 78*32. 

In alcoholic solutions, cane-sugar exhibits higher rotatory power 
than in aqueous solutions (R. Z. J. 1877, 803). Hesse (L. A. 176, 
^7) found that in solutions containing 50 per cent, of alcohol, with 
^ = 5, and t = 15°, [a]jy = 6670. No farther estimations were 
made. 

Sulphuric acid appears to increase the rotation. Hesse (L. A 
176, 97) employing the proportion : 1 mol. sugar (c = 6) to 1 moL 
H3SO4 + water to 100 cubic centimetres with ^ = 15°, obtained 
Md = 66*67. 

Alkalies diminish the specific rotation of cane-sugar. 1 moL 
sugar + 1 mol. TUf^O .c = 5.t = 15° [a],, = 66*00. Hesse (L. A 
176, 97). 

According to Sostmann (R. Z. J. 1866, 272) the saccharimetric 
estimations of sugar in presence of alkalies, come out too low by the 
following amounts : — 

Alkali. In solution of the concentration. 

Per 100 cubic centimetres solution c = h ^=10 {;=20to25 

1 gramme potash (Kj O) 426 0*650 0*915 

1 „ soda (Nag O) 0-450 0*907 1*217 

Pellet (R. Z. J. 1877, 1036) gives the following values :— 

c = 5*4 c = 17*3 

1 gramme caustic potash (K H) 0-170 0*500 

1 ,, caustic soda (Na O H) 0*140 0*460 

1 „ ammonia 0-073 0-085 

Lime causes a remarkable reduction of rotatorv power. Miint^ 
(R. Z. J. 1876, 737) records the following obiservations : — 

Pure Sugar, c = 10. [a] = 67*0 

With 0-409 gramme = J mol. lime „ =64-9 

„ 0-818 „ = } „ „ = 61-3 

„ 1*637 „ = 1 „ „ = 66-9 

„ 3-274 „ = 2 „ „ = 61-8 
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Saccharimetric observations by tlie following observers bave sbown 
At the addition of 1 part of lime destroys the rotatory power of: — 

0*64 part sugar according to Jodin (C. B. 58, 613). 



0-79 
1-12 
1-22 
1-25 
0-90 
1-00 



It 
» 



n 
>» 
>» 



Dubrunfaut. 

Bodenbender (R. Z. J. 1866, 167). 
Stammer (Dingier, P. J. 156, 40). 
„ Michaelis (Dingier, P. J. 124, 358). 

in solution with c = 6*4 i Pellet 

„ c=17-3/ 






(R. Z. J. 1877, 1036). 

The action of the lime is removed by neutralization with acetic acid. 
Baryta and atrontia similarly diminish rotatory power : — 

1 part baryta destroys the rotation of 0-426 parts sugar, according to Bodenbender. 
1 „ „ „ „ in 0190 „ „ when c= 6-4 ^ 

1 „ „ „ „ in 0-430 „ „ when <J = 17-3 ( ^^^^^' 

1 ,, strontia „ ,, in 0*697 ,, ,» according to Bodenbender. 

SaltH of the alkalies exert a similar action. Miintz (R. Z. J. 
376, 735) investigated the effects of the following salts on the 
)ecific rotation, which was taken for the pure sugar as [ajn = 67*0, 
ad obtained the results subjoined : — 





Concentration of Solutions. 




Additions of 






c = 5. 


c = 10. 


c 


= 20. 




- 5 grm. 


[a]o =66*1 


[o] = 66*2 [o]u 


= 66*3 


Common Salt" 


10 „ 
20 „ 


65-3 
63'8 


66*3 
63*7 




66*6 
610 




L 25 „ 




62*8 




— 


f 2-5grm. 


_— . 


66*2 






Anhydrous 
Soda. 


5 „ 
10 „ 
15 ,, 


— 


03-8 
62*1 
60-4 




63*8 
62*6 
69-8 




.20 „ 




68-6 




68*1 




'■ O'ogrm. 




65*9 






1 » 


64*7 


650 






Anhydrous 
Borax. 


2 ,, 

3 „ 

4 ,, 


62*7 
62-1 


63-5 
62-6 
61*6 




64*2 




5 „ 


60-8 


61*1 




630 


• 


L 7 „ 


— 




. 


62*2 
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The presence of 1 gramme of each of the following salts wh 
found to reduce the concentration of sugar solutions, as determiaell 
by the saccharimeter, by the respective amounts as below : — 



Carbonate of potash 


0143 ^ 


mil 


1 C 


= 


10 


» » 


0185 


if 


c 


— 


20 to 25 


>» >» 


0044 


» 


c 


= 


6-4 


It >> 


0065 


» 


c 


= 


17-3 


Carbonate of soda 


093 


>> 


c 


= 


10 


»> »> 


0-254 


>> 


e 


= 


20 to 25 


>> >» 


040 


>» 


c 


=: 


5-4 


>» »> 


0132 


It 


c 


= 


17-3 


Carbonate of ammonia 


0040 


>» 


c 


= 


6-4 


»> >» 


0067 


n 


c 


=■ 


17-3 


Phosphate of ammonia 


0016 


>> 


c 


= 


5-4 


(ciystallized) 


0-036 


)» 


c 


= 


17-3 



1 



Sostmann 



PeUet 
(R. Z. J. 1877, 1036). 

I Sostmann. 

) 
) 



PeUet. 



! PeUet. 



Pellet. 



Acetate of lead added in the proportion of 25 grammes to 100 
cubic centimetres of sugar-solution produces no change in rotation. 
Miintz (R. Z. J. 1876, 737). 

Milk-sugar, C^g Hgg O^j + Hg 0. Dextro-rotatory. 

Freshly prepared aqueous solutions exhibit bi-rotation (§ 27). 
Hesse obtained for constant rotation by heating the solutions (L. A. 
176, 100) :— 

c = 2tol2. ^ = 15^ [o]d = 54 - 0*557 c + 0o476 <?2 _ 001774 «3. 

Alkalies reduce the specific rotation considerably. 
Acetyl'derivatives of milk-Hugar, Schiitzenberger (L. A. 160i 

(1) Ci2 Hi8 (C2 H3 0)4 On in water. c = 7-46. [o]d = 50-1. 

(2) Ci2Hi4(C2H3 0)8 0„ in Alcohol, c = 2-18. [aj^ = 32. 
„ tt c = 9-68. [ajo = 31. 



91). 



Minose. Trehalose, C^g Hgg On + 2 Hg 0. Dextro-rotatory. 
Aqueous solutions, after standing twentj'^-four hours, exhibit no 
change of rotatory power : — 

Kyoose. c = 10*03. [a\ = 173-2. MitscherUch (L.A. 106-17). 
rwlialoae. c = 8-4tol4-8. t= 15°. [o]j = 199 (anhydrous 220). Berthelot (A. C. P. 
[8] 65, 276). 

ICelitose, Cig Hgg 0^ + 3 Hg 0. Dextro-rotatory. 

Iter, c = 17-27. t = 26°. \a\ = 88 (anhydrous 102). Berthelot (A. C. P. [3] 46, 69). 

ICelMtose, C^g Hgg O^i + Hg 0. Dextro-rotatory. 

tar. e = 18 -6 anhydrous substance, t = 20°. \a\ = 94 1 (anhydrous), 89*4 
Sjdmfced. Berthelot (A. C. P. [3] 55, 284). 

». enot given, [ajn 88*8 (hydrated). [oj = P4-8 (anhydi-ous). Villiera (A. C. ?• 
;«]12,434). 
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§ 110. Sugars, 0^ Hig Ofi. 

Glucose. Dextrose, C,, H^g Og + Hg 0. Dextro-rotatory. 

Fresh solutions, prepared in the cold, exhibit bi-rotation (§ 27). 
be following numbers refer to the reduced constant of rotation. 

The most accurate observations are those of Tollens (§ 38), 
hence the following formulae are derived : — 

For Cg Hi2 Og + Hg O. Aqueous solution, t = 20°. 

p= 8 to 91. [a]D = 47*925 + 0-015534 j» + 0-0003883 j»2. 

q = 9 to 92. [o]d = 53-362 - 0-093194 q + 0-0003883 q^. 
For Cg Hi2 Og. 

p= 7 to 83. [a]„ = 52-718 + 0-017087 jo + 0-0004271 j»2. 

I? = 17 to 93. [a]D = 58-698 - 0-10251 q + 00004271 r- 

Hoppe-Seyler {Med. chfm, Unfersuchungen I., 163) determined 
le specific rotation of diabetic sugar by Broch's method, employing 
solution in which c = 36*277 anhydrous substance, and found : — 

For rays C D E b F 

[a] = 42-45 53-45 67-9 71*8 81-3 (?) 

In more recent investigations, Hoppe-Seyler (Fresenms, Zeitsch, 
Ir analyt, Chem. 14, 305), employing solutions of diabetic sugar with 
= 14 to 29, obtained a mean value for [aj^ = 56 4 (anhydrous sub- 
:ance). 

Hesse (L, A. 176, 102) has investigated the specific rotation of 
a]D of various glucoses, and found, at ^ = 15°, the following : — 



Glucose- 
liydrate. 



1 

3 

6 

12 



Honey- sugar. 



Anhydride 



49-77 
47-33 
46-58 
46-34 



G-rape- sugar. Starch- sugar.] 



47-87 



51-78 
for c = 2*8 



Saliciii- 
sugar. 



50-00 


5000 


48 03 


48-48 


46-79 


47-96 


46-83 


47-66 


51-67 


61-80 


f or r = 3 


for c = 2-5 



These sugars are therefore identical with one another. Along 
Hth them must also be included amvgdalin-sugar, which, with c = 2^ 
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gave [aji) = 49*25 (hydrate). On the other hand, phlorhizin 
(hydrate) showed a lower rotation, viz., with c = 3, [a]D40'9, 
with c = 6, [o]d = 40"08. Another sample gave, with c = 
[o]i> = 39-9 ; and with c = 10o2, [aj^ = 397. Hesse (L. A. 184 
174). 

For the transition tint [a]j, the following rotation values 
recorded : — 52, Bondonneau. 52*5, Clerget Listing. 53*2, Dub; 
faut. 55-1, Pasteur. 56, Berthelot. 57, Schmidt. 57*4, B^hampi 
57*7, Jodin. 

Lime reduces the rotatory power, A solution which contained, 
in 100 cubic centimetres, 098 gramme of lime for 6*9 grammei 
of grape-sugar, gave [a]j = 33*3. Jodin (C. R. 58, 613). 

Fruit-sugar. LsDvulose, Cg H^^ ^^e- Lacvo-rotatory. 

The observations under this head are very incomplete, as 
effects of concentration have not been investigated. This substance 
exhibits a marked decrease of rotation with increase of temperature. 
For laevulose obtained from in vert- sugar by the lime process, Dubrun- 
faut (C. R. 42, 901) found the following values (c not recorded) :— 

t 14" 52' 90" 

[o]j = - 106 - 79-5 - 53. 

When the temperature exceeds 90°, a chemical change begins in 
the solutions. 

According to Neubauer (D. C. G. 1877, 829), at a temperature 
of 14°, [aJD = - 100 {c not given). 

Jodin (C. R. 58, 613) gives the following values (t not given, 
14° ?) :— 

Aqueous solution c = 12*8. [o]j = - 104. 
Alcoholic „ c = 12-8. [a]j = - 92. 

Lime causes a considerable reduction of the rotatory power. A 
solution with c = o, giving [a]j = — 106, on the addition of 0*64 lime 
gave [a]j = — 63. — Jodin. 

Invert-sugar, CgHig^e- Laevo-rotatory. 

The rotatory power decreases rapidly with increase of tempera- 
ture. Dubrunfaut (C. R. 42, 901) found for a solution, the strength 
of which is not stated : — 

t 14° 52° 90° 

[a]j= -26-65 13-33 

Tuchschmid's observations (J. P. C. [2] 2, 235) show that an 
aqueous solution of invert-sugar with c = 17'21 has at 0° Cent, a 
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iSTsith 



! rotation [ 

:e of temperature according to the formula [a]}, = — (27"9 

0-32 i). According to which, at ( = 87'2°, rotation will he 0. 

Alcohol, according to Jodin (0. R. 58, 613), causes an important 

(faction in the licvo-rotation of invert-sugar, which can, moreoYcr, 

" the application of heat, be converted into dextro- rotation. Lime 

3o causes a decrease. 

According to Maumend (C. R. SO, 1139) different specimens of 

vert-sugar exhibit similar properties only when in their prepara- 

m the proportions of water and acid, the temperature and duration 

the action, and the mode of neutralization employed have been 

rictly identical. 

Galactose, OgH^jO^. Dextro-rotatory. 

Exhibits bi-rotation. According to Fudatowski (Hoppo-Seyler's 
ed. cheiti. Unter&uchungen I.. 164), it is a mixture of two different 
gars of unequal rotatory powers. 
Sorbin, CflHijOg. Lfovo-rotatory. 

Water, c = 23'9. [a\ = - 46-9. Berthelot. Peluuze [A. C. P. [3] 35, 222). 



g 111. Mannite Group. 

Mannite, CgKi^O„. Pasteur (C. R. 77, 1192) and Bouchardat 
X R. SO, 120 ; A. C. P. [5] 6, 100) have shown that in aqueous 
ilutions ((■ = 15) with a tube-length of 3 to 4 metres, this substance 
ives a left-handed rotation of O'l" to 0-S°, whence [a]j = — 0'03. 
ignon (A. 0. P. [.o] 2, 433), also Muntz and Aubin (A. C. P. [5] 10, 
i3) consider mannite as inactive. 

The addition of various substances to aqueous solutions of mannite 
snders them optically active, dextro-rotatory in the case of boracic 
;id, borax, and borate of lime, and more feebly so with chloride 
id sulphate of sodium ; Irevo-rotatory in the case of caustic 
atash, caustic soda, potassium carbonate, potassium, and hydrogen 
'senate, lime, baryta, and magnesia. After saturation with acetic acid 
»e solution either remains feebly Irovo-rotatory or shows slight dextro- 
>tation. Sulphuric acid or acetic acid added even in large proportion 
I mannite solutions produces no activity (Bouchardat, Vignon, Muntz, 
id Aubin, loc. cit). 

Certain derivatives of mannite are active, as, for example, nitro- 
lannite, diacetyl- and hexacetyl-mannite, which are dextro-rotatory, 
id mannite dichlorhydrin which is Iecvo- rotatory. 



2*24 R4'iT\nox ro:vsTv.vr* of utive svbb^xsces. 

Mnniutrm m a variable mixtare of dextrorotatory and 
rotatory isomer?, the proportions varying with the mode of 
tion. B jueh ari ac ' . 

The raannite obtaineii by the action of nascent hydrogen 
inactiVe slucose, invert-suOTr, dextrose, LEvnlose (from invei 
or iculiri) i^ aL^o inactive, as well as that from manna. Bat each 
them becomes ai-riv-? on aiLiition of b^mx or conversion into nit 
mannite Miin'z and Aubin). 

ITitro-mannite, C^ If^ O.XO.,'^. D xtro-rotatory. 

Ether. p = ^Z. >', = :0'2. Bj^-ke JLrrh. yH^L VII. 1872). 
AlcohuL p = 1. a, = o^Vr. ,. „ ., ,, 

AlciihoL *• = To. 'y^i = 10. Rrnsemazm ;D. C. G. 1876, 1468). 

Treated with ammonium sulphide, nitro-mannite passes into 
inactive '?] maniiite, which bv the action of nitric acid becomes once 
more active. Loir [Bitti.i»cc. cltim. 1S61, 113). Krecke, loc. eit. 

Da^eite is inactive. Biot. Jaquelain (J. B. 1850, 536). The 
acetyl-derivatives of dulcite and dulcitan rotate feebly to the right 
Bou'chardat TA. C. P. ^41, 27 ; 68, Uo\ 

Isodulcite, C^ Hja O5 + H^ O. Dextro-rotatory. 

Water, r = 10 2. "al = 76. Hla.'»iTretz and Pfaundler (L. A. 127, 362). 

Quercite, C^ Hjo O^. Dextro-rotatory. 

Water. <• = 1 to iO. t = W. [o]d = 24-3. Temperatnre without influenre. 

Pruiiier (Bu/l, hoc, chxm. 28, 535, and C. R. 85, 808). 

§ 112. Carbo-hydrates, (0^ H^o O^, 

The rotation data given by different observers for substances of 
this class differ so widely from each other, that thev cannot be used 
as characteristic marks for the substances. 

Cellulose, dissolved in cadmium, or zincoxide-amraonia (ob- 
tained by treating cellulose dissolved in cupric-oxide ammonia, with 
cadmium or zinc until a colourless solution is obtained) is inactive. 
Erocke (Arch, Nierl, VI. 1871). Collodion, according to Krecke,!* 
inactive. According to Schiitzonberger (L. A. 160, 77) it is dextro- 
x)tatory. 

Starch boiled for a few hours in water, solution of potash 
t of chloride of zinc, gives dextro-rotatory liquids. For p = 222 
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io 3*88. [a]j = + 211°. Starch solution heated with dilute sul- 
ihuric acid at 100°, gives first [a]j = 216, but the rotatory power 
|izickly decreases with the formation of dextrin and dextrose. 
Bicharap (A. C. P. [3] 48, 458). 

Qlyoogen. Dextro-rotatory. Various modifications. [a]j = + 140 
;o 211. Tichanowitsch. Stscherbakoff (J. B. 1870, 848). 

Inulin. LsBvo-rotatory. The data for dahlia- and elecampane- 
nulin, range from [a]j = — 26 to 72, The inuloid of Popp (L. A. 
L56, 190), CgHioOg + H3O, with c = 2, gives \a\ = - 30-5. 

The rotatory powers of the aoetic ethers of cellulose, starch 
glycogen, and inulin have been determined by Schtitzenberger (L. A. 
L60, 74). 

Dextrin. Dextro-rotatory. The data range from [a]j = 139 to 2 13. 

Gum Arabic Acid. The varieties of gum arabic met with in 
commerce, are partly dextro-rotatory, and partly IsDvo-rotatory. 
3cheibler (D. C. G. 1873, 618) found, on examination of five samples 
in aqueous solution with c = 5, the specific rotations for [a]j = + 37*3 
H- 46-1 ; - 28-8; - 29*2 ; -300 respectively. On heating with 
dilute sulphuric acid, all these solutions become dextro-rotatory by 
the formation of gum-sugar (arabinose), Cg H^gOg. 

The gum of beet-root is, in general, dextro-rotatory, but at 
certain seasons and in individual plants it is found to be Isevo- 
fotatory. Scheibler, loc. cit. 

Dextro-rotatory gum is further found in the stag-trufiel, and 
Isevo-rotatory gum in couch-grass. Ludwig (J. B. 1869, 791 ; 
1872, 803). 

§ 113. Glucosides. 
SaJicin, C^g H^g O7. Laevo-rotatory. 

Water, c = 1 to 3. t = 16". [o]d = - (65-17 - 063 c). Hesse (L. A. 176, 116). 
Water, p = 2-78. [o]j = - 73-4. Biot and Pasteur (C. R. 34, 607). 

Populin, C20 H22 Og. LaBvo-rotatory. 

Water, p = \. [o], = - 53. Biot and Pasteur, loc, cit. 

Phlorhizin, Cgi H30 0^ + 2 Hg 0. Lsevo-rotatory. 

Alcohol of 97 per cent, (by vol.) c; = 1 to 5. t = 225. ^[a]© = - (4940 + 2-41 e), 

^esse (L. A. 1 76, 117). 

Alcohol. P = 4-6. Ho = - ^n o^^^^^^^^ (L A. 166, €9). 

Wood Spirit, p = 3*9. [o]x> = - o2J ^ 
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ttj) = — 4-53 to 4-63 for 1 decimetre. (Specific gravity not 
'^n; but taking it as = 0-81, we get [aj^ = - 5-6 to 5*7.) Le Bel 
ull. 80C. chim. [2] 21, 542). 

By repeated distillation with caustic potash, and still more 
ickly with metallic sodium, active amyl-alcohol is rendered 
active. Le Bel (Bull. soc. chim. [2] 26, 545). Laevo-amyl-aloohol 
f repeated distillation with caustic soda becomes dextro-rotatory. 
J = + 2° for 1 decimetre according to Beignes Bakhoven (Pogg. 
Wpp. Bd. 6, 329) ; but this is denied by Le Bel (Bull. soc. chim. [2] 
k,199) and Balbiano (D. C. G. 1876, 1692). 

According to Pierre and Puchot aqueous amyl-alcohol gives a 
bonger rotation than the anhydrous alcohol. Ley (D. C. (i. 1873, 
fc70) is, however, unable to confirm this. 

Derivatives of Active Am yl- Alcohols.. 



Active valerianic acid. Dextro-rotatory. 
(a) From laevo-amyl-alcohol. 
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Pedler (L.A.I 47, 246). 


2 


aP = 2-7 to 2-76(39 
to 40 divisions of 
Ventzke' s scale for 










3 


5 decimetres) . . 

oo = 3-37 (48-7" 

Ventzke for 5 






168 171 


1 Erlenmeyer and Hell 
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Pierre and Puchot (C. 
R. 76, 1332). 
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(b) From Lcucin. 

•d = 1*18 for 1 decim. (17 diva. Ventzke for 5 deoims.) Erlenmejer and 

(L.A. 160, 286). 

Valerianate ofamyl. Dextro-rotatory. 

«» = 7*6 for 1 decim. (44 dirs. Ventzke for 2 decims.) d = 0*869 at 16". [o]© = 8?,j 

Boiling-point 186°. Ley (D. C. G. 1873, 1369). 
UD = 4-3 for 1 decim. (40 divs. Soleil for 2 decims.) d *= 0*874 at 0°. [o]d = 4*j 

Boiling-point 190*. Pierre and Pnchot (C. R. 76, 1332). 

an = 2*3 for 1 decim. (33 to 34 divs. Ventzke for b decims.) Erlenmeyer and HdL| 
(L. A. 160, 289). 

The following derivatives from laevo-amyl-alcohol, giving an 
angle of rotation ap = 4*63 for a length of 1 decimetre, have beei 
prepared and examined by Le Bel {Bull. soc. ckim, [2] 21, 542) :— 

Amyl-chloride (boiling-point 97° to 99°). Dextro-rotatory. 

Od = 1-10 for 1 decim. d = 0*886 at 15°. [o]d = 1*24. 

Amyl-h'omide (boiling-point 117° to 120°). Dextro-rotatory. 

•d = 4-60 for 1 decim. d = 1*226 at 15°. [o]d = 375. 

Amyl'iodide (boiling-point 144° to 145°). Dextro-rotatory. 

au = 8*22 to 8*33 for 1 decim. d - 1*54 at 15°. [ai]^ = 6*34 to 5*41. 

Methyl-amyl and amylene from active amyl-alcohol are inactive. |. 
(LeBel.) 

The following other derivatives of amyl-alcohol and valerianic 
acid have been examined by Pierre and Puchot (C. R. 76, 1332):"! 

Divs. Soleil ao for Sp. gr. 

Boiling-point, for 2 decims. 1 decim. at 0". [«)» 

Amyl aldehyde 92*5° +6 = 0*65° 0*8209 + 08 

Butyrate of amyl 170*3° 8*5 =0*92° 0*8769 +1*0* 

Valerianate of butyl 173*4° 3 = 0*326'' 0*8884 + 0*4 

propyl 157° 9 = 0*976° 0*8862 + l^ 

ethyl 135*5° 12*5 = 1*35° 0*8860 + 1'* 

methyl 117*5° 8*5 = 0*92° 0*9006 + I'O 

The stability of the active amylic grouping is shown by the 
researches of Wurtz (L. A. 105, 295), in which amyl-iodide was con- 
verted into the cyanide {a^^ = 159° for a length of 1 decimetre), 
this into capronic acid (ored = 1*22°), and this, again, by electrolysis) 
into di-amyl (o^a = 3-20°). 






Paxa-laotic acid. Active sarco-lactic acid. Dextro-rotatory. The 
investigations of Wislicenus (L. A. 167, 302) have shown that an 
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Nation of the specific rotation of para-lactic acid is 
*^is substance, even at ordinary temperatures, passes 
the ether-anhydride, CgllioOg, and into lactide, 
^of which are strongly laevo-rotatory. 
Bi^epared, it shows in aqueous solutions, in which the 
ntration were determined by titration (reckoned as 
bllowing specific rotation : — 

Ito = 7*38 25*57 39*94 grammes. 

|g [aJD == + 2*78** 1*64' 2*63° 

;ig, the rotation of the solutions gradually increases. 
then diluted with water a sudden decrease of rotation 
f hich, however, gradually increases again, but without 

ts original amount. For example, two specimens of 

:-ation gave the following results : — 

•tlution e = 21*24. [a]o = 

>ing 1 month ,» », 

2 months ,, „ 

" >» »> >» 

ih water e = 15*75. 

t>r 1 month „ 






+ 1-41 


[«]d 


= + 1-85 


207 




2*26 


2*21 




2-45 


2*66 




2-64 


1-99 




2*13 


2-29 




2-41 



iial increase here observed is due to the gradual con- 

la)vo-rotatory molecules of the anhydride, Cg H^q Og, 

out in the solution, into the dextro-rotatorv molecules 

I r^ O3, which, moreover, is proved by the fact that, if 

lie liquid with alkali, it gradually recovers its acidity. 

..ase of rotatory power on the adition of water, is 

AVislicenus to be caused by the formation of the 

' ).; + ITg 0, to which he assigns a rotatory power 

i»f the acid itself. 

Ijiit 2 or 3 per cent, of the anhydride to be present 

'lUiion of lactic acid distinct laevo-rotation. But in 

i.iL have been long kept the amount of rotation 

' iijlo. Thus, a solution which had been kept m vacuo 

;<! for a year and nine months, and whose com- 

■■.\'h\ very closely to 84 per cent. Cg H^q Og + 16 per 

in alcoholic solution with c = 19*54, the specific 

'■■■■\ Zn (C3 Ilg 03)3 + 2 II3 0. LsDvo-rotatory. 
'.it ion in nqueous solution appears lo increase 
"■••ntnUion. 
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Wislicemw (L. A. 167, 332) obtained the following reBults:- 

Solatiob. Hrdrated Salt. Anhrdroiu Salt. 

1. e = 16-05. [«]o = - 6-36 c = 13-98. [«], = - 7W 

2. „ 11*01. „ 6-36 „ 9-60. „ 729 

3. „ 7-47. „ 6-83 „ 651. „ 783 

4. „ 613. „ 7-41 „ 5-36. „ 8*49 

5. „ 6-45. „ 7-34 ,, 4*75. „ 843 

6. „ 5-26. „ 7-60 „ 4-58. „ 873 

Solutions 1 and 2 were supersaturated. 

Para-lactate of limey Ca (C3 Hg O.Og + 9 H3 O. Laevo-rotatonr. 

Hydrated salt, e = 723. [a]o = - 387 \ ^idioenos. 
ADhydrons ,, <r = 5-35. [ojo = - 5*25 ) 

§ 115. Vegetable Acids. 

Dextro-tartarie acid, C4 Hg O^. 

See § 19, p. 47, Amdtsen. The formulae apply for y = 5 
to 95 per cent. 

See also § 26, p. 60, Krecke (For Influence of Temperature). 

Water <; = 6 to 15. t = 15. [oj^ = + (14-90 - 14 r) 1 Hesse 

t = 22-5. [aJD = + (15-22 - 0*14 c) J (L. A. 176, 129). 
c = 0-6 to 16. t = -20. [o]d = + (15-06 - 0-131 e) Landolt (D. C. ( 

1873, 1073). 

The specific rotation of tartaric acid is considerably diminishe 
by the presence of other acids. Biot {Mem. de PAcad, 16, 229). 

DextrO'tartratea. Solutions in water. 

The following determinations (Landolt) are for the anhydroi 
salts. Temperature always at 20°. 
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For sodium tartrate, Na^ C^ Hg Og + 2 Hg O, Hesse (L. A. 176, 122) 
ind .-—Water, c = 6 to 15, ^ = 15. [a]u = 27*85 - 0-17 o. 
•ecke {Arch. Nierl. VII., 1872) has determined tlie specific 
Nation of a few tartrates. At temperatures between 0° and 100°, 
d for various rays, with concentration c •= 20, and the temperature 
25°, he obtained the following results : — 

[«]o Wo Wb [a]b [a]r 

K, . C^H^Og) + HgO 2204 2684 3295 34*96 39-92 

2 . C4H4 0g + 2H2O 20-82 25-79 31-67 32-70 38-49 

H4)2.C4H4 06 31-08 3709 4306 45-27 63-76 

. Na. CiH^Og + 4H2O 18-52 22-42 2649 27*67 32-08 

C . SbO . C4H4O6) + H2O (c = 5) 111-82 138-66 180-39 187*39 218*74 

Increase of temperature had little or no effect on the three first- 
Jntioned salts ; Rochelle salt showed increase of specific rotation, 
t tartar emetic decrease. 

TartraU of ethyl, (C^ Hfi)^ . C^ H^ 0^. See § 33, p. 77. 

LeBVo-tartaric acid. 

Pasteur (A. C. P. [3] 24, 442 ; 28, 56 ; 38, 437) gives the 
lowing data, which in part apply to Biot's red ray (see § 18, 
43. 

Free acid.p = 35*7. t = 17. [a], = — 8*43. (Dextro-rotatory 
•taric acid under like conditions gives [a]r = H- 8*53. Biot.) 

LcevO'tartrate of ammonia, \a\ = — 29 3. (The dextro-rotatory 
t gives [a]r = + 29-0.) 

LcevO'tartrate of sodium and ammonium, Na . N H^ . C4 H^ 0^ 
4H2O. [a]j = —26*0. (The dextro-rotatory salt gives [alj 
+ 26-0.) 

Lcevo-rotatory tartar emetic, [a]j = — 156*2. (Dextro-rotatory 
-t gives [a]j = + l'56-2.) 

LcBvo-tartrate of lime dissolved in hydrochloric acid (20 grammes 
'trate for 63 cubic centimetres of acid, of specific gravity 1*08) 
^es a decidedly dextro-rotatory solution. 

In presence of boracic acid, leDvo-tartaric acid behaves exactly as 
es the dextro-rotatory acid. Biot (A. C. P. [3] 28, 99). 

Malic acid, C^HgOg. Lssyo-rotatory. 

From mountain-ash berries. A slight laevo- rotation increased 
dilution with water as well as by increase of temperature. 

iter, p = 16-6. [a]© = - 1-04. Ritthausen {Jottrn. fur prakt, Chem. 

[2] 5, 354). 
„ p = 32-907. t - 10°. [a]j = - 5-00. Pasteur (A. C. P. ^3]3^^81V 
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The specific rotation is increased considerably bjr the addition cf 
boracic acid. On the other hand, mineral as well as organic addi 
diminish it, and may even convert it into dextro-rotation. 

Malatks. 
Neutral milale of soda, ^a^ . C^ H^ O5. 

Water, c = 15&76. t = 22. [«]» = - 764. Landolt. 

Acid malate of ammonia y X H^ . C^ H5 O5. 

Water. c = 6-5. t = 20. [a]^ = - 6.65 Landolt. 

Water. c = 23025. t = 20. [a]j = - 7-22\ 

Nitric acid of IV Baam^. p = 26-803. i = 20. [ajj = + 5*60 

„ after addition of ammonia, bevo-rotatory. 



Ftoteur 
(A. C. P. 



Malate of lime, Ca . C^ H^ O5 + 3 Hj O. 

Hydrochloric acid of 9-5' Baume.;; = 12474. / = 22. [a]j = + 10-88 

Ammonia (percent, r) p = 23-506. t = 17. [ajj = -h 434 | [3] 31,85). 

Antimon-ammonium malate^ N H^ . Sb O . C^ H^ O5. 

Water , , . , p = 6-815. t = 17. [a]j = + 115-47 

Amiden of malic and tartaric acids. Pasteur, (A. C. P. [3] 38, 
466). 

Glutanic acid, C5 Hg O5. Laevo-rotatory. 

Water, p = 1881. [o]d = - 1-98. Bitth&uaen (Joum. fur prakt. Chem. [2] 5, 354). 

Glutamic acid, C5 Hg N O4. Dextro-rotatory. 

Dilute nitric acid, p = 5-45. t = 18. [a]o = 34-7. Ritthausen {Joum. fur prakt. 
Chem. [1]107, 238). 

Aspartic acid, C^H^NO^. Dextro-rotatory in acid solutions; 
laevo-rotatory in alkaline solutions. 

Dilute nitric acid p ^ 4-711. / = 20. [«]i, = + 25-16 Ritth. (•) 

Ilydrochlorio acid of 9*5** Baum6 p = 5-094. t = 22. [a]j = + 27*68 . pggtenr 

Soda solution containing 4-84 per cent. NajO. p= 9-99. [o]j = - 2*22 J 

Ammonia with 10 \yeT cent. N H3. /> = 4-02. [o]j = - 11-67 I ^ ^ 

(a) Ritthausen 's preparation from legumin {Joufm. fur prakt 
Chem. [11 107, 227). 

{b) Pasteur's preparation from asparagin (A. C. P. [3] 31, 78). 

Asparagin, O4 Hg Ng O3. Dextro-rotatory in acid solutions ; 
IsBvo-rotatory in alkaline. 

Nitric acid of specific gra^'ity 11 102 at 22^ p = 11-08. i = 22. [a]j = + 36-09. 
Hydrochloric acid ,, 10706 at 23°. p = 1M25. t = ? [a]i = + 34-40. 



w >♦ * ot 


i> 


>» 


„ 12-69 


>> 


>> 


imonia (per cent. ?) 







ROTATION CONSTANTS OF ACTIVE SUBSTANCES. 233 

A solution with 4*84 per cent. Nag O. p = 8 89. t = 8-6. [a]j = - 7-60. ' 

J» = 17-9. t = 22. [ol = - 7-84. 
p = 15-21. t = 22. [o]j = - 7-31. 
p = 12-72 .t = 18. [o]j = - 11-18. 
Pasteur (A. C. P. [3] 31, 76). 
Iter p = 1-66. [a]o = - • 6 23. 

iterand 10 gTHinmesNHg in 100 cub. cent, solution yy = 1-66. [a]^ = - 10*68. 

[a]j = - 11-38. 

10 grammes H CI „ „ .„ p = ]-66. [o]d = + 37-46. 

„ 10 grammes acetic acid in 100 cub. cent, solution p = 1*66. Inactive. 

Champion and Pellet (C. R. 82, 819). 

Quinic acid, C^ Hjo Og. Laovo-rotatoiy. 

ater c = 2 to 10. t = 16. [a'jo = - 43*9. 

Dohol of 80 per cent, by vol. c = 5. [ajj, = - 39-2. 

nol. quinic acid + 1 mol. Na.^ O + Water. <? = 2 [o]d = - 47*0. 

Hesse (L. A. 176, 124). 

§ 116. Terpenes, Ojo Hjc. 
I. Dextro-rotatory Oil of Turpentine, Australene. 

[The latter name is applied to the preparation obtained by 
etillation after neutralization by soda solution.] 

{a) From Pinna austrahs and P. Taeda, American or so-called 
nglish oil of turpentine. 

flfj = 13-0 (crude) ; 14*6 (rectified). Luboldt. 
[olj = 18-6. Guibourt and Bouchardat. 
[ajo = 14-15 at 20*. d = 0-9108. Landolt (^ 31, p. 70). 

Wiedemann (Pogg, Ann. 82, 222) obtained the following angles 
rotation for different rays : — 

Lines C I) E b F G 

a 10-9 14-0 18-7 196 23-2 32-7 

Australene. Distilled at 100° with reduced pressure. Portion I. 
:]j = 24-3. Portion II. [a]j = 21-4. (Boiling-point, 161°.) 
srthelot (A. C. P. [3] 40, 5). 

(b) From Pinm sylvestris and P. Abies. Russian or so-called 
srman oil of turpentine. 

[a]j = 14-6 to 16-3. Luboldt. . 

Australene from Pinus sylvestris, [aju = 32*4. [a]j = 40*3 with 
= 24-5", (a^ = 27-7, d = 0-8547. Boiling-point, 155-5 to 156*5). 
awitzky (D. C. G. 1878, 1846). 

Australene from Swedish wood-tsiT o{ Pinus st/kestris, [aju = 36*3 
= 0-8631 at 16°. Boiling-point, 156*5 to 157*5.) Atterberg 
. C. G. 1877, 1203). 
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I solutions employed have not been recorded. The complete data 
> given only for : — 

LcBvo-rotatory camphene. Terecamphene, C^o H^g, obtained by heat- 
5 terebenthene-chlorhydrate with an alcoholic solution of potash 
with stearate of soda. Riban {Bull, hoc, chim. 24, 10) found for 
w)holic solutions with 5' = 62 to 90 per cent, alcohol, at a tempera- 
re of 13° to 14° : [a]D = - (53-80 - 0-03081 q). 

§ 117. Ethereal OUs. 

Commercial ethereal oils, being invariably mixtures of sub- 
inces often of opposite optical powers, exhibit so much diversity 
respect of rotation values, that these are of no use as a test of 
eir purity, and special data are accordingly worthless. 

§ 118. Resins. 

Euphorbone, C^g Hg^ (from euphorbia resin). Dextro- 
tatory. 

Joroform. c = i. t = 15. [ajo = 18-8. Hesae (L. A. 192, 195). 

her. {d = 0-72). c = i. t = 15. [a]^ = 11-7. 

Fodocarpic acid, G^j Hgg O3. Dextro-rotatory. 

cohol. <? = 4 to 9. [a]o = 136. 
iher. <? = 4 to 7. [o]d = 130. 

Sodium salt, G^j Hgi Na O3 -}- 8 Hg 0. 

ater. c = 4-6. [0]^ = 82. 1^ (L. A. 166, 65) 

„ c = 6-4. [a]D = 79. 

„ c = 13-8. [o]n = 73. 

cohol of 93 per cent, c = 9 [ajp = 86. 



Oudemans 



§ 119. Camphors. 

Laurel-camphor, C^q H^g 0. Dextro-rotatory. 

For specific rotation in various solvents (§ 36, p. 84). The 
Uowing others have been obtained : — 

cohol of 80 per cent, c = 2 6 ^^ i 

[o^D = 40.9 39-25 38-65 ^®^ 

loroform. c = 5. [a]o = 442 ) (^' ^- '^6, 119). 

Arndtsen (A. C. P. [3] 54, 418) has determined the specific 
tation in alcoholic solutions for different rays, and with different 
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weight-percentages of alcohol (q). ^ = 22-9°. The fonnvlc 
for y = 50 to 95. 

[a]c = 38*549 - 00852 g 
[a]o = 61-945 - 00964 q 
[a], = 74-331 - 0-1343 9 
[a]fc = 79-348 - 01451 q 
[a], = 99-601 - 01912 q 
[a], = 149-696 - 02346 q 

Patchouli camphor, Cjg Hg^ 0. Laevo-rotatory. 

Fused. (/above 69°). [a]u = -118.) Montgdfier 

In Alcohol. [a]o = - (124-5 + 021 c). ) (Bull. »oe. ehim. 28,414. 

Camphoric acid, from laurel-camphor, C^q H^^ O^. Dextfl 
rotatory. 

Water c = 0*64. t = 20. [a]o = 46-2. 

Alcohol of 98 per f f = 2 562. t = 20. [o]d = 47-6. 

cjeut. by weight. \e = 19-294. t = 20. [o]d = 47*4. 

Acetic acid , e = 3 026. t = 20. [o]o = 46*3. 

60 iM?r cent. j c = 6052. / = 20. [o]d = 46-2. 

by weight. \c = 12-100. t = 21*5. [o]d = 460. Landolt. 

Saifn of dextro-camphoHc acid. Solutions in water. 

K., . C,oJIu()4 r = 4 to 16. t = 20. [a], = 14-39 + 006 c. 
Na, . CjoHuO^ tf -^ 2 „ 9. t = 20. [aj^ = 1662 + 0-06 c. 
(NHJa-C^ioHuO^r ^ 4 „ 17. < = 20. [aj^ = 1698 + 0-13 <?. Landolt. 

Methyl-camphoric acid, CHg . C^o H^g 0^. Dextro-rotatory. 

Alcohol, p r.. H.J.Gl. t = 19-3. [o], = 61-4. Loir (A. C. P. [3] 38, 485). 

For tlie rotatory power of other camphors and their derivati 
no sufficient data exist. 

8 120. Alkaloids. 

Comne, Cg H^g N. Dextro-rotatory. 

[ajo = 17-9. {d = 0-873 at 16°. Op for 1 decimetre = 15-6). Schiff (L. A. 166, 1 
[o]d = 10'6. {d = 0846 ,, 12-6'^). Alcohol reduces specific rotation ; ether, benzen 
oU have no effect. Tetit (1). C. G. 1877, 896). 

Nicotine, CjoHi^Ng. LiDvo-rotatory. (See §32, p. 72.) 

Cinchona Alk.\loids. 

Besides those already given, §§ 103, 104, the following 
have been further recorded, mostly by Hesse.^ 

* NumerouB earlier ob8er\-ation8 on the rotatory powers of alkaloids were m£ 
Houchardat (Ann. chim phys. [3] 9, 213), Bouohardat and Boudet {Journ. de Phc 
dt Chim. [3] 23, 288 , Buignet {Jonm. dr P/iartn. ft de Chim. [3] 40, 268), J] 
ajjd AlluArd {Compt. rend. 69, 201). Tliese data are for Biot's red ray ; but th 
iii>t uovi of mutih une, as the natun> of wlvent einpli»y(Hl is scarcely ever recorder 
euiiicient exa^jtitade. 
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[The alcoholic chloroform mixture, much used by Hesse as 
lyent, consists of one volume alcohol of 97 per cent, (by volume) 
Lth two volumes chloroform.] 

Quinine hydrate, C30 H34 Ng Og -f 3 Hg 0. LsBvo-rotatory. 

Oier (d = 0-7296) <? = l-6to 6. t = 15^ [a]o = - (168-7 - 1*911 c). 

wohol of 97 per cent, (by vol.) e = I „ 10. ^ = 16°. [o]d = - (146*2 - 0*657 c). 
„ SOpercent. „ e = I „ 6. < = 15^ [o]d = - (166*81 - 8*203 c 

+ 10664c2 - 004644 c3). 

Looholic chloroform, e = 2. ^ = 15°. [o]o = - 141*0. 

„ e = 6. t = 16°. [o]d = - 140*6. Hesse (L. A. 176, 206). 

Anhydrous quinine, C^ Hg^ Ng Og. Lsevo-rotatory. 

L absolute and aqueous alcohol. Oudemans, p. 203. 

loohol of 97 per cent, (by vol.) t = 16°. e = I. [a]o = - 170-5. e = 2. [aj^ = 

- 169*26. 
blorofonn. t = 15^ c = 2. [a]© = - 1160. e = 6. [o]d = - 106*6. Hesse 

(L. A. 176, 208). 
bsolute alcohol, e = 1-64. t = 17°. [a]o = - 167-5.^ 
Bnzene. c = 0-61. t = 17°. [o]d = - 136. I 

oluene. e = 0*39. t = 17°. [aj^ = - 127. ) Oudemans 

hlorofonn. e = 1*466. t = 17^ [o]d = - 117. | i^- ^' 182, 44). 

„ c = 0-775. t = 17°. [aJD = - 126. J 

Quinine hydrochloride, Cgo BTg^ Ng Og . HCl -f 2 Hg 0. Laevo-rota- 
>ry. 

^ater (p. 199). Hydrochloric acid (p. 200). Absolute alcohol (p. 204). 
Joohol of 97 per cent, (by vol.) c = 1 to 10. t = 15°. [ajo = - (147*30 - 1*968 c 

+ 0-1039 c« - 000211 c3). 

With aqueous alcohol, the specific rotation attains a maximum 
^hen the alcohol is in the proportion of 60 per cent, by volume. 
I^or c = 2, and t =. 16°, the following values are given : — 

kJoohol per cent, (by vol.) 97 

[o]o = - 143-86 
dcohol -per cent, (by vol.) 60 

[a]D = - 187-76 
Jcoholic chloroform, c = 2. t = 16. {_a]o = - 126-26. 

The anhydrous compound dissolved in chloroform shows with e = 0-9 to 9 and 
t = 16°. [aJD = - (81*81 - 23-766 c + 3*9656 c* - 0*2198 c»). 

Solutions in dilute hydrochloric acid, with 1 molecule of the 
ydrochloride (c = 2) in 100 cubic centimetre solution, we have as 
)llow8 : — 

Mols. of H a 1 2 4 10 16 

[a> = - 138-76 223*2 225*7 2236 213*9 209*6 

Concentrated fuming acid. e = 2. [a]D = 168*8. Hesse (L. A. 176, 210). 
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Diquinine wfpkaU (neutral), 2 {C^ H34 Nj^ O,) . H, S O^ + 8 H,< 
LflBTo-rotatorv. 

Abeolate alcohol (p, 200). Aqueoiw dlcohoL (p. 200). 

Alcoholic chloroform, f = 1 to o. / = 15'. [a]© = (lo7o - 027 e). 

Hesae^L. A. 176,213). 

Qtiwine sulphate (^Mono-acid), C^ Hj^ N3 O3 . Hjj S O4 + 7H,i 
liBBvo-rotatory- 

W*t«r (p. 200). Abeolate alcohol (p. 204), 

Alcohol of 97 percent, (by vol. ■ c = 2. t = 15°. [a]o = - 134-75. 

80 „ „ c = 2. r = 15'. [aJD = - 142-75. | Hesse (L. A. 

60 „ „ c = 2, * = 15". [a] = - 155-91. ( 176,215). 

AlcohoUc chloroform. * = 2. f = 15\ [a]„ = - 13875. ^ 



«9 



In alcoholic solutions with c = 2, the specific rotation decreases 0*65** foreadil 
rise of temperature. Draper (5i7/iffM#*'» Awerican Journal), [3] 11, 42). 

Qi$mi9U! disuiphaU {di-acid), C^B^^lif^O^ . 2H3SO4 + 4H80. 
Leevo-rotatory. 

Water. c = 2 to 10. / = IS'', [a]. = - (170-3 - 0*94 e). 

Alcohol of 80 per cent, (by voL) f = 15*. c = 1. [tt]„ = - 154*5. 

„ 80 „ „ t = 15\ f = 3. [oi> = - 153-3. 

He88e(L. A. 176,217). 

Quinhic axa/afe, 2 (C\, H.^ X2 0.) . Co Ho 0^ -f 6 Hg 0. Lffivo- 
rotatory. 

Absolute alcohol (p. 204). 

Alcoholic chloroform, r = 1 U> 3. t = 15°. [o]d = - (141-58 - 0*58 c). 

He88e(L. A. 176,218). 

Cinohonidine, Ccj^jH^^X^O. Laevo-rotatory. 

Alcohol 97 per cent, (by vol.) (p. 201). Absolute and aqueous alcohols (p. 205). 
Alcohol of 95 per cent, (by vol.) r = 2. / = 15\ [o]d = - (113-53 - 0426^). 

80 ,, '„ ' c = 2. / = 15. [a]D = - 119-5. 

Alcoholic chloroform c = 2. < = 15. [«]» = - 108*9. 

Chloroform r = 2. f = 15. [a]© = - 83*9. 

Hesse L. A. 176, 219). 
Absolute alcohol r = 1-54. r = 17. [o]d = - 109-6. \ Oudemans 

Chloroform r = 1-545. t = 17. [a]^ = - 773. | (L. A. 182, 

w f = 3-41. i = 17. [aJD = - 740. ' 44). 

Cinchonidine hydrochloride^ C^ TL^ N« O . H CI + Hj 0. L»vo- 
rotatory. 

TTater (p. 201). Hydrochloric acid (p. 201). Absolute alcohol (p. 205). 
Alcohol of 97 per cent, (by voL) c = 3. / = 15". [a]D= - 1080. 



80 „ ,, <? = 



Anhydrous salt : Clilorof oim e 



= 6, t = \b\ LajD= - 1080. . Heoe 
= 2. t = 15^ ra]D = - 135-25. } (L. A. 176, 
= 2-85. t = 15=. [a^D = - 24-2. ) 22o). 
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Dieinchontdi)ie sulpf^te, 2 (C30 H^^ N^ 0) . H^ S 0^ + 6 H^ 0. 
sevo-rotatory. 

'^ater. e = 1*06. t = 15°. [a]n = - 100-8. 

lit with 3 inols. water: alcohol of 80 per cent, (by vol.) c = 2. < = 15°. [a]j, 

= - U4-6. He88e(L. A. 176, 221). 

Cinchonidine sulphate, G^ H04N3 . Hg S 0^ + 5 Ilg 0. Laevo- 
Dtatory. 

/'ater (p. 201). 

Icohol of 80 per cent, (by vol.) c = 2. t = 15°. [a]© = - 109*0. \ Hesse (L. 

Jcoholic chloroform. <? = 2. t = 15°. [a]© = - 101 0. ) A. 176, 222). 

Cinchonidine nitrate (p. 205). 

Cinchonidine oxalate, 2 (C^q Hg^ N3O). C^Hg O4 + 2 Hg 0. Lsbvo- 
otatory. 

Jcoholic chloroform. = 1 to 3. ^ = 15°. [a\t = - 98*7. Hesse (L. A. 176, 222). 

Quinidine (conchinine) hydrate, Q^ Hg^ Ng + 2 J H^ 0. 
iextro-rotatory. 

kJcohol of 97 per cent, (by vol.) (p. 201). 

„ 80 „ „ c = 2. ^ = 15°. [o]d = 232*7. 

Llooholic chloroform c = 1. < = 15°. [ajn = 244'5. 

„ „ c = 2. ^ = 15°. [a]i> = 241-75. 

^Jihydrous alkaloid : Chloroform c = 1-756. t - 15°. [o]d = 230-35. 

Hesse (L. A. 176, 223). 
Absolute alcohol (anhydrous alkaloid) : c — 1-62. t = 17°. [ajo = 255-4. 
benzene , „ „ c = 1-62. t = 17°. Md = 195-2. 

toluene „ „ c = 1-62. t = 17°. [o]d = 206*6. 

^oroform „ „ c - 1-62. t = 17°. [a]„ = 228*8. 

Oudemans (L. A. 182, 44). 

Quinidine hydrochloridey G^ Hg^ N3 O3 . H CI -f Ilg 0. Dextro- 
rotatory. 

^ater, hydrochloric acid (p. 201). Absolute alcohol (p. 205). 

Vlcohol of 97 per cent, (by vol.) c = 2 to 5. t - 15°. [a]z = 212-0 - 2*56 e. 

„ 80 „ „ c = 2. t = 15°. [a]jy = 230-25. 

W salt: C20H24N2O2. 2HC1 + HjO. Water, c = 2. t = 15°. [o]d = 250-3. 

Hesse (L. A. 176,225). 

Llquinidine sulj^hate, 2 Coo ^24^3 Og . II3 SO^ -f 2 Ilg 0. Dextro- 
rotatory. 

^ater. Sulphuric acid. Hydrochloric acid (p. 202). 
Llcohol of 80 per cent, (by vol.) e = 2. t = 15°. [ajn = 218-2. \ 
60 „ „ c = 2. t = 15°. [o]d = 227-0. / 

Jcoholic chloroform. c = 2. t = 15°. [ajo = 209-25. > ^®^ 

jihydrous salt : Chloroform. <? = 3. [o]i> = 184-2. V (L.A. 176,226). 

„ „ M c = 5. [a]|, = 180-1.. ) 
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Quini(Rne sulphate^ C^ Hj^ Ng 0^ . H^ S O^ + 4 H^ O. 

rotatory. 

Water. Sulphuric acid (p. 202). 

Alcohol of 97 per cent, (by yoI.) r = 2. t = 15°. [o]d = 183. Hesse (L. A.li 

227). 

Quinidine nitrate (p. 205). 

Quinidine oxalate, 2 (Cjq Hg^ No Og) . Cg Hg O^ + Hg 0. Dext 
rotatory. 

Alcoholic chloroform, c = 1 to 3. t = 15°. [o]d =1890 - 2-18 e. Hesse (L. A.J 

176, 227). 

CiDchonine, Coq Hg^ Jfg 0. Dextro-rotatory. 

Alcohol of 97 per cent, (by vol.) (p. 202). 

Alcoholic chloroform. <? = 1 to 5. ^ = 15°. [ajp = 2388 - 1-46 e. Hesse (L. A. J, 

176, 228). 
Absolute alcohol, e = 05 to 0*75. t = IV. [a]© = 2233. v 
Chloroform. e = 0455. < = 17°. [o]d = 2148. ) Oudemans 

<? = 0-535. t = 17°. [a]D = 212-3. \ (L. A. 182, 44). 

„ c = 0-560. t = 17°. [aJD = 209-6. / 

Cinchonine hydrochloride , G^ K^ Ng . H CI + 2 Hg 0. Dextro- 
rotatory. 

Water. Hydrochloric acid Tp. 202). 

Alcohol of 97 per cent, (by vol.) c= 1 to 10. ^ = 15°. [o]d = 179*81 - 6-314* 

+ 0-8406 <?2 _ 0-0371 ^' 
„ 80 „ „ c = 1. t = 15°. [o]d = 188-9. 

„ 60 „ „' c = 2. t = 16°. [o]d = 195-5. 

Alcoholic Chloroform c = 2. t = 15°. [o]d = 152-0. Hesse (L. A.176. 

231)< 

Dtcinchomdine sulphate, 2 (C30 Hg^ N^ 0) . H, S O^ + 2 H^ 0. Dex- 
tro-rotatory. 

Water (202). Sulphuric acid (p. 203). 1 

Alcohol of 97 per cent, (by vol.) c = 3 to 10. t = 15°. [o]d = 193-29 - 0-374 e. r 

80 „ „ c = 2. t = 15°. [o]d = 202-95 . Hesse | 

t = 15°. [o]d = 204-14 I (L.A.176, 

t = 15^ [a]D = 185-25 J 231). 



n 



,, 60 ,, ,, c = 2. 

Alcoholic chloroform c = 2. 



Cinchonine oxalate, 2 {G^ H^^ Ng 0) . Cg Hg 0^ -h 2 H^ 0. Dextro- 
rotatory. 

Alcoholic chloroform <? = 1 to 3. t = 15*. [o]© = 165-46 - 0*763 e, 

Hesse (L. A. 176, 232.) 

The changes in the specific rotation of quinine, cinchonine, 
conchinine and cinchonidine in presence of different proportions of 
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/■/(% nifn'Cf chloric, perchhric, formic, acetic, sulphuric, oxalic, 
•'■ ar'uh have been investigated by Oudemans (L. A. 

^roniue, C^^ Hog Ng O3 -f 3 BT^ 0. Dextro-rotatory. 

■ .. V -^2. t = 16°. [o]d = 115-5. 

r :: 1IM..1.S. H^ S O4 + water, c = 2. t = 15°. [a]© = 175*5. 

Hesse (L. A. 176, 233). 

' ir^jNo Oo. Dextro-rotatory. 

^ 1.')". [a]D = 441. Hesse (L. A. 178, 260). 

'■■'fr, 2 (Coo H,, Ng O2) . Co H3 O4 + 9 Ho 0. Dextro- 

1 to 3. t = 15^ Md = 20-68 - 1-14 c. 
'1. t = 15°. [a]u = 9-54. 

- n^ 4- water, c = 2. t = 15°. [ajn = 15-54. 

Hesse (L. A. 178, 261). 

\, 1 lo^ N3 0. Dextro-rotatory. 

. vol.) ^ = 1. = 15°. [a]D = 48. 
c = 2. = 15°. [a\o = 46-5. 

Hesse (L. A. 178,262). 

■■i/(>, 2 (Co,, Hot Ng 0) .Co HgO^ -t- 3 Hg 0. Dextro- 

\m1.) c = 2, t = 15°. Md = 23-5. \ • 

c = 1 to 3. ^ = 15°. [a]D = 23-1. / /t ^^70 

c = 2. ^ = 15°. Hd = 22-6. I ^ 26*3) 

c = 2. ^ = 16°. [a]D = 25-75. 1 

IT^,Q Wg Og. Dextro-rotatory. 

. (by vol.) c = 0-8378. [ajo = 1068. Hesse (L. A. 166, 

272). 

i , ^ No Og. Laovo-rotatory . 

i.t. (hy vol.) c = 0-4542. [a]D = 49-5. 

Hesse (L. A. 166, 272). 

(conohinamine), C^g Hg^ Ng Og. Dextro-rotatory. 

it. (by vol.) c = 1*8. ^ = 15°. [ajn = 200. 

Hesse (D. 0. G. 1^77, 2158). 

ermine, C^g Hg^ Ng Og. Laevo-rotatory. 

cent, (by vol.) <? = 1*5. t = 15°. [o]d = - 93*4. 

Hesse (D. C. G. 1877, 2164). 

cinchonidine, C^g Hgg Ng.O. Laevo-rotatory. 

17 * (by-Tol.) c = 2. ^ = 15°. [a]„ ^ - 109-3. 

Hesse (D. C. G. 1877, 2166). 

R 
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Codeine sulphate, 2 G^g K^i N O3 . H^ S 0^ + 5 H^ 0. Laevo- 
-tory. 

ex. e = S, t = 16°. [aln = - 101-2) „ ' , ^^^ 

. = 3. t = 25°. [«]o = - 100-9 } ^'"^ (^- ^- 176, 191). 

Il'arootine, Cgg Hgg N O7. Laevo-rotatory. 

fchol of 97 per cent, (by vol.) c = 0*74. t = 22-5°. [a]© = - 1850. 
>liolic chloroform c = 2. t = 22-5°. [ajn = - 191*5. 

ipoform <; = 2 to 5. t = 22•5^ [ajn = - 2o7-36. 

He88e(L. A. 176, 192). 

Narcotine dissolved in hydrochloric acid. Dextro-rotatory. 

ol. alkaloid + 2 mols. H CI + water e = 2. [o]d = \- 47 0. 

„ + 2 „ + „ <; = 5. [a]i> = + 46-4. 

,, + 10 „ + „ e = 2. [a]D = + 50-0. 

,, +2 ,, + alkaloid of 80 per cent, c = 2. [o]d = + 104-5. 

(by vol.) Hesse (L. A. 176, 193). 

Pseudomorphine hydrochloride, C^^ H^g N 0^ . H CI + Hg 0. 
ivo-rotatory. 

lol. salt [c = 0-8 to 1-6) + 1 mol. H CI + water, t = 22-6 [o]d = - (114-76 

- 4-96 c). 
aol. salt (c = 2) + 5J mols. Nag O + water = 1 mol. 1 
alkaloid + 5 mols. Naj O + 1 mol. Na CI J ^ = ^^'^ W«= ~ ^^^*^- 

Hesse (L. A. 176, 195). 

Thebaine, C^g Hgj Ng O3. Laevo-rotatory. 

cohol of 97 per cent, (by vol.) c = 2. t = 15°. [o]o = - 218*6 \ 

97 „ „ c = 2. t = 25°. Md = - 215-5 ( Hesse 

97 „ „ c = I. t = 22-5°. [ajo = - 216-4 ( (L. A. 176, 196). 

iloroform c = 5. ^ = 22-5°. [a]© = - 229- b' 

Thebaine hydrochloride, C^g Hgx NO3 H CI + Hg 0. Laevo-rotatory. 

ater. <; = 2 to 4. t = 16°. [o]d = - (168-32 - 2-33 c). 
„ c = 2. t = 22-5*. [a]D = - 163-25. 

aol. salt + 10 mols. H CI + water, c = 2, t = 22*6. [a]D = - 158*6 

Hes8o(L. A. 176, 197). 

Papaverine, Cgi Hgi N 0^. Laevo-rotatory. 

5ohol of 97 per cent, (by vol), c = 2. ^ = 15°. [a]D = - 4*0. 
Loroform. c = 5. t — 15°. [a]D = - 5*7. 

Hesse (L. A. 176, 198). 

Hydrochloride is inactive. 

Laudanine, C^ H25 N O4. Laevo-rotatory. 

loroform. c = 2. t = 22*5. [air, = - 13*6. 

lol. alkaloid (c = 1) + 2 mols. Na^ O + water. t = 22*6. [a]j, = - 11*4. 

Hesse(L. A. 176, 201). 

Hydrochloride is inactive. 
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Eohioerin, G^ BT^g Og. Dextro-rotatory. 

ler. d = 0-73. e = 2. t = 15, [a]„ = 63-76. ) Jobst and Hesse (L. A. 

Lorofonn. <? « 2. t = 15. [o]d = 65-75. i 178, 49). 

Echitiiiy C32 Hgg O3. Dextro-rotatory. 

ler. c = 2. t = 15°. [«]„ = 72-7. ) j^^^^ ^^ ^esso (loc. cif). 

loroform. c = 2. t = 16°. [ajo = 75-3. ) ' 

Eohitein, C^o ELq 0. Dextro-rotatory. 

ler. « = 2. t = 16°. [a]„ = 88. J j^^^^ ^^^ jj^.^^ ^^^^ ^.^^ 

lorofonn. e = 2. t = 15°. [a]„ = 855 ) ^ ' 

Echiretin^ C35 Hgg Og. Dextro-rotatory. 

ler. <? = 2. i = 16°. [a]„ = 64 "8. Jobst and Hesse (!oc. cit). 

§ 122. Bile Constituents. 
Cholesterin« Cc^ H^ 0, or €35 II43 0. Lacvo-rotatory. 

From gall stones. Anhydrous substance, 
her. d = 0-72. e = 2. • t = 15. [o]d = - 31-12. 

lorofonn. c = 2 to 8. ^ = 16. [a]„ = - (36-61 + 0*249 c). 

Hesse (L. A. 192, 178). 

Lindenmeyer {J. fur prakt. Chem. [1] 90, 323), examined by 
roch's method solutions of cholesterin (with 1 mol. water?) in 
ck-oil, c = 10, and in ether, c = 7*941, and obtained the follow- 
g specific rotations : — 

Lines B C 1) E h F G 

[a] = - 20-63 25-54 31-59 39-91 41-92 4865 62-37. 

Phytosterin, Coo H^^ 0. Laevo-rotatory. From calabar beans 
seed peas. 

iloroform. c = 1-636. t = 16°. [a]o = - 34-2. Hesse (L. A. 192, 177). 

The following determinations of specific rotation of bile acids 
are made by Hoppe-Seyler {J. fur prakt. CJtsm. [1], 89, 257) by 
roch's method, employing sunlight. 

Glycocholio acid, C^ H^g NOg. Dextro-rotatory. 

From ox bile. Alcoholic solution, c = 9*504. The concentra- 
yn of the solution is without influence. 

Lines C D E b F G 

[o] = + 21-6 29-0 37-9 40*0 487 568. 
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Olycocholite of soda^ Cgg H^g Na NOg. Dextro-rotatx)ry. 

Alcohol, e = 20*143. [o]d = 26*7. Concentration withont influence. 
Water. e = 24-928. [o]d = 20*8. „ „ „ 

Taurooholate of soda, G^q H^^ Na N S 0^. Dextro-rotatory. 

Alcohol, e = 9-898. [o]d = 24-5. [o]d = 39-0. Concentration without influenc 
Water. e = 8-866. [a% = 21-5. [ajo = 34-0. 



>> >» 1) 



Cholalic acid, anhydrous, Cg^ H^ Og. Dextro-rotatory. 
From ox bile — 

Alcohol, c = 3-338. [o]d = 502. 

From dogs' excrement — 

Alcohol, c = 2.942. [ajo - 47-6. [a]j = 50-4. 

Cholalic acid, crystallized icith water, Cg^ H^q Og + 2\ Hg 
Dextro-rotatory. 

From ox bile or dogs' excrement. Alcoholic solution, c = 2*9 
(=2 659 anhydrous substance). 

Lines BCDEbFGH 
Hydrated: [a] = 25-3 27-0 30-4 40-1 42-2 47*3 60-8 70-1 
Anhydrous: [o] = 28*2 30-1 339 44-7 47*0 52*7 677 780 

Other specimens of the crystallized compound gave the folic 
ing rotations, calculated for the anhydrous acid : — 

Alcohol, c = 4'43 anhydrous substance : [o]d = 34-8. 

c = 6-0695 ,, ,, [ojc = 35-4. 

c = 2-7065 „ ,, [ol = 35-2. 

c = 2-0298 „ „ [a]j = 34-5. 

I c = 1-8040 „ „ [o]j = 34-2. 

Cholalate of potash, G^ H39 K Og. Dextro-rotatory, 

Solution in Alcohol, c = 22. 

Lines C D E b F 

[o] = 237 30-8 38-5 40-9 47-5. 

Solution in water, c = 29-775. [a]© = 24-9. 

y, c = 22-332. [a]D = 24-1. 

„ ,y y. c = 16-749. [a]^ = 24-6. 

„ „ „ c = 12-562. [a]i> = 25-9. 

„ c= 7-000. [a]D = 27-5. 

c = 6-004. [a]i> = 28-2. 

Cholalate of soda, Cg^ Hgg Na Og. Dextro-rotatorj-. 

Alcohol, c = 2-2296. [af = 31-4. 
Solution in water, e = 19-049. 

Lines JB C D E b F 
[o] = 19-7 21-0 260 33-1 34-9 420. 

orease of concentration raises the specific rotation. 
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Cholalate of methyl ^ Q^ Hgg (C H3) Og. Dextro-rotatory. 

.iklcoliol. c = 4-59. [o]d = 31*9. 

Cholalate of ethyl^ Cg^ H39 (C2 H5) Og. Dextro-rotatory. 

Solution in alcohol, e = 18*479. 

Lines B D E b 
[a] = 25-4 32-4 40-6 423. 

§ 123. Gelatinous Substances. 

All these substances, and particularly chondrin, possess strong 
laevo-rotatory powers. The following observations were all taken by 
de Bary (Hoppe-Seyler, Med. chem. Untersuchunf/en, 1, 71) : — 

Glutin. Aqueous solutions. 

1 c = 6-12 ( ^ = 24° to 25°. [a]D = - 140-0. 

U = 36° to 40°. [cfJD = - 123-0. 

2 C-V06 (^ = 24° to 25°. [«]„ = - 130-5. 

The rotatory power of glutin solutions decreases with rise of 
temperature. Concentration, on the other hand, has no important 
influence. 

The following experiments with aqueous solutions of concen- 
tration c = 3*06, show the effects of alkalies and acids : — 

1. Solution mixed with an equal vol. ammonia [a]© = - 130*6. 

2. „ „ a few drops solution of soda [a]i> = - 130-6. 
3 ft ,9 an equal vol. soda Hd = - 112-5. 
4. „ „ an equal vol. acetic acid Hd = ~ 114*0. 

Chondrin. Pure aqueous solutions of sufficient transparency 
cannot be prepared, but the cloudiness disappears on the addition of 
a few drops of soda solution. For such a solution with c = 0*957, 
it was found that ...... [a]j = — 213*5. 

After the addition of an equal volume 
of soda solution [a]j = — 552*0. 

The latter solution diluted by the addi- 
tion of an equal volume of water . [a]j = — 281*0. 

§ 124. Albumins. 

AH the albumins are laevo-rotatory. The following observations 
on their specific rotation are given by Hoppe-Seyler {ZeiUch, fur 
Chem, u. Pharm. 1864, 737). 
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Serum-albumin. 

Neutral aqueous solution [a]© = - 56. . 

Aqueous solution saturated with sodium chloride [ajg = - 64. 

Aqueous solution saturated with addition of acetic acid [aJd = - 71. 

Aqueous solution with addition of concentrated hydrochloric acid 

till the precipitate at first formed ag^ain disapjiears [a]D = - 78*7. 

Potash and soda solutions, by forming alkali-albumin ate, cause 
a considerable increase of rotatory power, even when present only in 
small quantity. Prolonged action of the alkalies, particularly at 
higher temperatures, again reduces the amount of rotation. 

Egg-albumin. 

Aqueous solution. Rotation independent of concentration [ajo = - 35 '5. 

Aqueous solution after addition of hydrochloric acid [a]© = - 37 "7. 

Casein. 

Dissolved in magnesium sulphate solution [ajo = - 80. 
Solution in dilute hydrochloric acid (4 cub. cent, of fuming 

acid per litre of water) [a]^ = - 87. 

Solution in smallest possible quantity of soda solution [a]© = - 76. 

Albuminate (protein of Mulder), obtained by the action of con- 
centrated potash upon albumins, always exhibits higher rotatory 
power than the latter. The following maxima have been observed:— 

Albimiinate from serum -albumin [aj^ = - 86. 

uncoagulated egg-albumin [aj^ = — 47. 

coagulated egg- ilbimiin [ajn = - 68*5. 

casein. Solution of casein in strong potash. 
Rotation varies with strength and amount 

of potash used [a]i> = - 91. 

Paralbumin, from ovarian cysts. Examination of the natural 
feebly alkaline solutions gave in several observations : — 

[o]d = - 59, - 61, - 64. 

Syntonin, obtained from myosin of muscles by solution in very 
dilute hydrochloric acid, or by the action of concentrated hydrochloric 
acid upon albumins (coagulated egg-albumin or fibrin). Solution in 
very dilute hydrochloric acid. Rotation independent of concentra- 
tion [aju = — 72. 

In weak alkaline solutions the substance exhibits very nearly the 
same amount of rotation. By heating the hydrochloric acid solutions 
in a closed vessel to 100°, the specific rotation rises to [a] = — 84*8. 
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.T[ON OF Maltose and Dextrin in Malt Worts 
AND Beers, 



By J, STEDiBn, P.C,3, 

JviiEN an iufuaiou of malt in cold water reacts on soluble starch 
under certain definite conditions, a chemical change takes place, 
which haa attracted the attention of chenjista for a considerable time. 
This chemical reaction being, moreoTer, of great practical importance 
in brewing, for example, numerous experiments have been performed 
to explain it. The results arrived at, although differing widely in 
many respects, lead nevertheless to the conclusion, that the starch 
is converted by the action of cold malt extract (diastase) into maltose 
and dextrins. These compounds are the only products under the 
most favourable conditions of temperature (55° to 63° C), if the 
diastatic action continues no longer than two to three hours. But 
a more prolonged contact of the diastase leads to the partial con- 
version of maltose into dextrose, while tbe gradual saccharification 
of some of the dextrins into maltose, and the formation of dextrins 
of simpler molecular compositions seem to proceed during the whole 
time of the diastatic action. 

If starch be boiled with dilute sulphuric or hydrochloric acid, 
dextrins, maltose, and finally dextrose are produced, but if the 
action be too protracted, or tbe acid too concentrated, the so-called 
neutral carbo-hydrates are formed simultaneously. These latter are 
not capable of fermentation, nor of reducing alkaline solution of 
metallic salts, and have no rotatory power. The progress of the 
conversion may be watched by an iodine solution, which gives the 
following colour reactions. First, a deep-blue (soluble starch); 
secondly, a violet (amylo-dextrin) ; thirdly, a red (erythro-dextrin) ; 
and iinally, no change of colour (achro-dexlrin, maltose and dtxtroae.) 
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All these substances possess a rotatory power, and in the fo7 
lines an account will be given of some experiments carried out ti^ 92 
the purpose of ascertaining whether the optical properties of a mk 
wort, or beer, can be used for the determination of the rdatiwBir 
proportions of maltose and dextrin contained in such solutions. Bri ■ 1 
having to deal with a mixture, another characteristic property of the* Bi 
carbo-hydrates, /.r., their deportment to alkaline solutions of cupric 
oxide (Fehling's test) and mercuric oxide (Knapp's and SacWi 
test) must also be considered here. The relative reducing power of 
different pure sugar solutions has recently been studied by Soxhlet, 
and the directions given by this chemist were strictly adhered to in 
the analysis of the samples given below. 

The specific rotation of dextrin in all its modifications is con- 
sidered by O^Sullivan to be [a]^ =220 - 222 ([aju = 195), and the 
cupric oxide reducing power, nil. This view is, however, not gener- 
ally accepted, for Musculus, as also Brown and Heron, contends that 
there exist a number of dextrins, each of which has its peculiar 
rotatory and reducing power. It is evident that if O'SuUivan's view 
bo correct, the amount of reduction obtained by a mixture of 
maltose and dextrin corresponds merely to the proportion of maltose 
present. Then, on determining the angle of rotation of an unit 
volume of this mixture and deducing the angle corresponding to the 
csfiinated proportion of maltose, the remaining angle corresponds to 
the proportion of dextrin. 

Experiments, carried out with this end in view, showed, how- 
ever, that the relations existing between these substances are not so 
simple, as supposed above ; and it appears that the dextrins in wort 
have properties differing from those in beer. These differences become 
especially marked, if not only Fehling's test, but also those of Knapp 
and Sachsse, be used for the determination of the reducing power. 

The following are the data of the experiments referred to 
above : — 

(A) A malt wort of an ordinary brew obtained from the taps of 
the mash tun of specific gravity 1002, was diluted with water to 
specific gravity 1*0550 ; a wort of this concentration contains, 
acordin;^ to W. Schultze's table, 147 grammes of solid matter in 
10m cubic centimetres. 

1. Determination of Rotatory Pottrr. — 50 cubic centimetres of 
this wort were clarified with 2 cubic centimetres basic acetate of lead, 
and made up to 100 cubic centimetres ; the observations were made 
in a 200 millimetre tube with a Soleil-Ventzke-Scheibler polari- 
scope, for which white lamp-light i-^ ^. 100 cubic centi- 
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□aetres of tliis wort rotated 924 degrees (Ventzke scale, rajv"), or 
92-4 X 346 = 31-97 anguljr measurement {ray D).^ 

2. Determinatmi of Htduchig Power. — Halt extract procured 
&OTn the browery has a capric oxide reducing power equal to 60 to 
70 per cent, expressed as maltose ; but as, according to Soxhlct, 
the reducing power of a sugar solution alters with its concentration, 
a 1 per cent, solution as recommended by him was prepared as fol- 
lows : — (100 cubic centimetres of wort contain 147 grammes extract, 
and therefore 14-7 X '6 = 88 grammes maltose; consequently if 50 
cubic centimetres are diluted to 450, a solution of required dilution 
is obtained.) The experiments were carried out with a filtered solu- 
tion, (a) after clarification with basic acetate of lead and aluminium 
lydrate, and ((3) after addition of aluminium hydrate only. The 
Bugar solution was added all at once to 50 cubic centimetres Fehling's 
solution, the mixture boiled for three minutes in a porcelain dish, 
and then poured on a large filter. Ecjecting the 6rst few drops of 
the filtrate, about two-thirds were collected in a small beaker, cooled, 
and then tested for copper by the addition of a few drops of freshly 
prepared potassium ferro-cyunido solution, and the least excess of 
acetic acid. The titrations were repeated in this manner until in 
two successive tests one showed the slightest bronze reaction, while 
the other, using 2 cubic centimetre more, indicated no trace of 
copper. The quantity of sugar solution required in both cases (a and 
;8) was the same, 37*3 cubic centimetres, thus proving that the 
albuminous matter removable by the basic acetate has no effect on 
cupric oxide. Nevertheless, it is advisable to clarify such solution, as 
the final reaction is more marked after the removal of some of the 
albuminous matter which is liable to be precipitated by the ferro- 
cyanide. This same sugar solution was also estimated by Knapp's 
and Sachsse's solutions. The former was prepared according to the 
directions of Soxhlet, while in the latter mercuric chloride was 
substituted in equivalent quantities for mercuric iodide with an 
increase of 20 per cent, of polussium iodide used by Soxhlet: this 
modified solution has the same reducing properties, is more easily 
prepared, and keeps bettor. An alkaline solution of stannous chloride 
was used as the final re-agent. The working of Enapp's and Sachsse's 
teats differs in this, that on adding the sugar solution gradually, less 
is required for Sachsse's and raoi-e for Knapp's than if the total 
quantity is added all at once. The presence of albuminous matter in 
wort slightly influences both Knapp's and Sachsse's tests, and 
therefore only clarified worts have been compared. 

' For the particulara of meBBurement the reader is referred to p. 169.— [V. H \'.\ 
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^as no caramelization of the sugar, the dark pre<3ipitate in (a) being 
lerely decomposed albuminous matter. 100 cubic centimetres of 
rort contain, therefore, after inversion, 13*4 grammes dextrose. 

(B) A sample of the same brew taken from the cooler after 
laving been boiled with hops was also submitted to analysis : specific 
pravity = 1*0588, 15-70 grammes solid matter in 100 cubic centi- 
netres. (The concentration of this wort differs but little from that 
ibove.) 

1. Determination of Rotatory Power. — 50 cubic centimetres of 
wort were treated with about 2 cubic centimetres basic acetate of 
lead, and made up to 100 cubic centimetres. 100 cubic centi- 
metres rotated 96*4 divisions equivalent to a^ = 33*36. 

2. Determination of Reducing Power.' — 100 cubic centimetres of 
vrort were clarified and diluted to 1000 cubic centimetres. Of this 
Bolation there were used for the reduction of 



60 cub. cent. Fehling's 38*6 cub. cent. 
100 ,, Sach8se*8 48*0 „ 

100 „ Knapp's 32*4 „ 

^Expressed in terms of maltose, this equals for 

Fehling's 38*5 : -414 : : 1000 : {x = 10-7o gr. maltose in 100 cc. of wort). 
Sachsse's 48 : -5097 : : 1000 : (x = 10-61 „ ,, „ ). 

Knapp's 32*4 : -3134 : : 1000 : {x = 9*67 ,, ,, ,, ). 

3. 30 cubic centimetres of the wort were inverted for five and 
a half hours with 7 cubic centimetres acid, then nearly neutralized, 
clarified, and finally made up to 600 cubic centimetres ; 50 cubic 
centimetres of the Fehling's solution were reduced by 21*7 cubic 
centimetres, therefore — 

21.7 : '263 : : 600 : {x : 7'0 gr. dextrose in 50 cc. of wort) 

or 100 cubic centimetres contained after inversion 14 grammes 
dextrose. 

The residts of the experiments described under A and B lead the writer 
to think that the dextrins in worts have the power of reducing Fehling's, 
Sachsse's, and Knapp's tests in varying degrees. It will be observed 
that th6 values obtained by Fehling's and Sachsse's differ but little, 
but much lower numbers are obtained by Knapp's, In the following 



table the results of similar aaalysea are gireD of different malt « 
before and after inveraion. 



Unboiled Worta. 



apnaflo gtsvity 
Exbmot par 100 00 



BaiHaK'B. 



Sg S; 



As JiLtltoH. Aa Miltsse. ' . 



I - I {'^^ I ^ 



a«Xo I d'iti 



A comparison of these numbers shows, firstly, that the compoa- 
tion of a strong, or first wort (I. to III.), differs from that obtained 
during sparging (IV.) ; and secondly, that even if the cq,pric oxida 
reducing power of a boiled wort {VI. ) closely agrees with that of an 
unboiled wort (I.), it must not, therefore, be concluded that their 
respective deportments towards £napp's and Sachsse's will be alika 

These data are too few to permit of any general conclusion with 
regard to the nature of the different dextrina in worta ; but it appeart 
that the dextrins in samples I. to III. possess a similar reducing 
power. 

The properties of maltose are [ajo = 138'5 (for a concentration 
of 10 grammes per 100 cubic centimetres), and a cuprio oxide reduo 
ing power Ej. = 61 per cent, dextrose (for a 1 per cent, solution, and 
if the test liquor ia not diluted). Supposing, then, the dextrine in 
I, to III. have a specific rotation [o]d = 130, and a reducing power 
Rp = 37 per cent, dextrose (or Eg = 35 per cent., and K^ = 21 per 
cent.), 100 grammes of extract would contain : — 

In Sample III., 42 per cent, dextrin + 42 per cent, maltose. 

In Sample II., 34'6 per cent. „ + 47"96 per cent. „ 
Whether these are the exact proportions of maltose and dextrin in 
such worts can only be proved by further investigations. 

The following polariscope obserrations serve as an additional 
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i that the composition of a. first or concentrated malt wort differs 

1 wort obtained after aparj^ng ; — Three samples of wort from 

\ same brew of specific gravities 1'1030, 1'0483 (II.), and r0201 

E)] were collected at intervals from the taps of the mash tun. 

t of the concentrated wort (specific gravity, I'lOo) was diluted 

|1'0489 (I.), and the rest to 1-0217 (IV.). 

A sample of the same brew, after boiling with hops, of specific 
fcity 1-062, was diluted to specific gravity 1-049.3. (III.) The 
i for observation were carefully measured with a 50 cubic 
timetre pipette, and after the addition of 2 cubic centimetres 
'; acetate of lead, made up to 100 and 110 cubic centimetres 
actively. 



\ I. Concentrated wort diluted 
1 11. SninplB direct from maxli tu: 

'. Boiled wort 

■^IV. Concentrated wort . . . 
I T. Sample direct from maah tiu 



currsBpondiiig t( 
lOOoub. c " ■ 



I -0183 
1'0493 
1-0217 
10201 



a worts procured after sparging have therefore a greater rotatory 
per than the concentrated first wort. 

(C) The beer resulting from the worts referred to under (A) and 
) was subsequently analyzed, on the eleventh day from the date of 
jahing (100 cubic centimetres contained 4 7 grammes extract), 260 
})io centimetres of this beer were treated with about 3 cubic centi- 
trea basic acetate of lead, diluted to 500 cubic centimetres, and 
tere'd. Beers act on Knapp's test much more violently before 
irification than after, and it is therefore necessary to clarify for 
ialysis. The final reaction of the mercury tests is in this case more 
xiiae than that of Febling's, the working of which may, however, 
\ rendered less difficult if to 50 cubic centimetres Fehling'a, 200 
bbic centimetres water are added, i.e., if the test liquor is diluted 

times. The following results were obtained : — 

(i.) Angle of rotation, oj, = I0'17. 

(ii.) Fehling's, Sachsae's, and Knapp's solutions were reduced 



'b = 39 cab. cent., therefore 39 : -414 : : COO : {i = 6-308 gr.) or 2-123 gr. 

maltose in 100 cub. cent. beer. 
■b = 42-6 cub. cent., tiecefoce 42-S : -5097 : : fiOO : {i = 600 gr.) or i-40 gr. 

maltose in 1 00 cub. cent. beer, 
a = 38-5 cub. oent., therefore 38-5 ; -3134 : ; 500 : (i = fi-50 gr.) or 220 gr. 

maltose in 100 cub. cent. beer. 
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(iii.). 50 cubic centimetres of the diluted beer were inverted with 
5 cubic centimetres acid for five and a half hours, and made up to 100 
cubic centimetres. 50 cubic centimetres Fehling's required 249 cuWc 
centimetres; therefore — 

24-9 : -253 :: 100 : (ar = 1-016) or 4*064 gr. dextrose in 100 cub. cent. 

In the analyses above, it appears that Fehling's gives the lowest 
and Sachsse's the highest result, and the same is noticeable in other 
samples of beer, the analyses of which are given in the table below. 



Sample. 
Extract per 100 cc. 



Before inversion . 



FehliDg 
Sachsse 
Knapp 



Angle of rotation a^ . . 



After inversion 



I. 



11. 



4*8 grammes. 4'1 grammes. 



o 2 

O r^ 






o 
o 



2 



1— • q) 



As Maltose. As Maltose. 



III. 



8*2gramme.4. 4*7 grammeB. 



o 
o 



u 

3 



&■ 



o 



g^rms. 

1*808 
1*998 
1*880 



per 
cent. 

37*7 

41-6 

39*4 



11*52' 



g^rms. 

1*23 
1*50 
1-453 

•10-73' 



per 
cent. 

300 

36*6 

35*4 



{ 



4*05 grms. 
dextrose. 



3.85 grms. 
dextrose. 



As Maltose. 



^^' c^t. 



0*80 
1-185 



25*0 
37-0 



1*052 1 32*9 



IV. 






^1 

oh 



As Maltoee. 



grms. 

2*123 
2-400 
2*200 



7-6' 



? — 



10*17° — 



per 
cent. 

45*17 

51-06 

46-81 



4*06 grms. 
dextrose. 



These results seem to indicate, not only that the dextrin in beer 
has a reducing power, but also that this dextrin differs in its pro- 
perties from those in worts. 

Supposing the dextrin in beer to have a specific rotation of 
Wd = ^31, and a cupric oxide reducing power Ep. = 3 per cent, 
dextrose,, the composition would be of — 

Sample IV., 1*72 grammes dextrin + 2*03 grammes maltose per 100 

cubic centimetres. 
Sample II., 2*43 „ „ + I'll 

Sampler, 2*02 „ „ +1-71 

These latter calculations are made merely for an illustration, but the 
actual proportions of maltose and dextrin in beers and worts remain 
still to be proved. 
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Before concluding these lines, the analyses of a few samples of 
Btarch-sugars are given to illustrate that the results of Fehling's, 
Knapp's, and Sachsse's solutions differ also in this instance, but 
in a different ratio from that of worts or beers. In the analysis 
below Sachsse's solution gives the lowest and Fehling's the highest 
result. 



Sample. 


I. 


II. 


III. 


IV, 


V. 


• 


Sugar before inversion (as dextrose). 


Fehling's. . . . 
Sachsse's. . . . 

• 

Ejiapp*s .... 


per cent. 
75-93 
65-72 
72-52 


per cent. 
78 63 
70-41 
72-85 


per cent, 
7600 

66-67 
71'81 

9-b4° 

• 


per cent. 
71-52 
69-60 
70-91 

10-93° 


• 

per cent, 
62-00 
55-31 

? 


Angle of rotation Oq 
. 10 gr. in 100 cc. 


11-42° 


9-48° 


10-60 




■ 


Sugar after 


inversion (as 


dextrose). 





All three solutions. 



89-70 



86-05 



82-83 



81-50 



83-26 



Naturally the explanation of the results of starch-sugar analyses 
is still more difficult, on account of the presence of maltose and dex- 
trose, besides dextrins, all three of which are formed by the mineral 
acid used in their production. A general comparison of the results 
given in this paper shows that : — 

1st. In the analysis of worts Fehling's and Saohsse's tests lead to 
results which differ only little, and are much higher than those cor- 
responding to Knapp's, 

2nd. In testing beers Fehling's solution is reduced least and 
Sachsse's most, and it remains to be proved whether the higher 
results of the mercury tests are not partly due to the presence of the 
albuminous matter, which cannot be removed by lead acetate. 

3rd. Solutions of starch sugars have the greatest action on 
Fehling's test, but least on Sachsse's, the numbers for the latter being 
in this instance even surpassed by those of Knapp's test. 

The subject of these lines requires careful consideration, and I 
intend carrying ou further investigations in order to elucidate the 
various points which here have only been touched upon. 
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Chemical constitution ; ^ 

Depeudeuce of optical activity on. 2 
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I Removal of optically active, 1 
Bemoval by filtration, 134 

Inatmiuenta, vide Polarisoopoa. 
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I Lamp : — 

For instniment, 102 
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Melizitoflo, 220 
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Method:— 
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linidamine, 241 

linidine : — 

Rotation oonstant of, 193, 2C3 

Hydrate, 201, 239 

Hydrochloride, 201, 239 

Nitrate, 240 

Oxalate, 240 

Sulphate, 202, 240 
Quinine : — 

Rotation constant of, 198, 203 

Anhydrous, 203, 237 

Bstimation of, when mixed with cin- 
chonidine, 212 

Hydrate, 237 

Hydrochloride, 199, 237 

Oxalate, 238 

Sulphate, 200, 238 
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adides active, 24 
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Determination of angles for different, 
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Extraordinary, 3 
Xiinear polarized, 1 
Transverse section of, 1 
educing power (cupric oxide) : — 
Of malt extract, 251 
Of starch-sugars, 2o7 
educing power (mercuric oxide) : — 
Of malt extract, 251 
Of starch-sugars, 257 
educing powers (cupric and mercuric 

oxides) : — 
Comparisons of, 252, 253, 254, 255, 256, 

257 
Qtflection ; — 
iE^olarization by, 1 
Total, 4, 8 [note] 
^fraction : — 
I^olarization by, 3 
Qfractive indices, 8 
presentations, graphical, 68, 71, 76, 80, 

86 
^sins, 235 
!«8orcin, 30 
Ught-rotating, 8 
U>tation : — 

Magnetic, 18 

Molecular, 93 

Relative directions of, 113, 114 

Specific, 49 

Calculation of law of, 55 

Data necessary for determining, 95 
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Dependent on amount and natine of 

solvent, 53 
Dependent on thicknen of medium, 42 
Dependent on wave Ifngth, 43 
Determination of tme, 64 
Influence of observation-errors on, 148 
Influence of temperature on, 51 
Influence on, by acidis 35 
Influence on, by alkalies, 35 
Influence on, by salts, 35 
Method of determining, 83 
Practical application of, 154 
Theories as to cause of variation of, 62 
Values, worthlessness of, 92 
Variability of, in solution, 53 
Rotatory power : — 

Nature of, 16 

Of malt extract, 251 

Of starch- .sugars, 257 

Qualitative examination of, 98 



Saccharimeter : — 

Soleil-Duboscq, 174 
Scale of, 175 

Soleil-Ventzke-Scheibler, 155 
Construction of, 155 
Correction of readings for, 163 
External form of, 159 
Mode of observation with, 160 
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Saccharimetry : — 

Optical, 154 
Salicin, 225 
I Santonin, 244 
Scale: — 

Soleil-Duboscq, 175 
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Tables of, 16d, 180 
Solution : — 

Fehling's, 251 

Knapp's, 251 

Preparation of, 133 
' Process of clearing, 186 

Sachsse's, 251 
Solutions : — 

Decolorization of, 186 
Sorbin, 223 
Spar: — 

Iceland, 3 
Spiral, lead, ISO 
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Pycnometer of, 139 
Starch, 224 
Starch-sugars : — 

Estimation of, 257 
Strychnine, 244 
Substances : — 
Active, 10 
Artificial production of, 31 
Classification of, 10 
Derivatives of, 11 
Rotation constants of, 214 
Rotatory power of derivatives of, 35 
Simultaneous influence of, 59 
Gelatinous, 247 
Inactive, 8 

Inactivity of artificial, 32 
Vegetable, 244 
Sugar : — 
Calculation of percentage of, 178 
Derivatives of, 226 
Detection of, in urine, 194 
Detection of, in wine, 195 
Estimation of, in urine, 194 
Fruit, 222 
Invert, 222 

Of formula CgHi^Og, 221 
Of formula CijHgoOi,, 216 



Tartaric acid, 21 

Abnormal rotatory dispersion of, 47 
Tartrate of ethyl : — 

Specific rotation of, 77 
Temperatui-e : — 

Arrangement for constant, 110 

Influence of, 172 



Terebenthene, 234 
Terecamphene, 235 
Terpenes, 233 
Thickness : — 

Standard of, for solids and liquidi 
Tint:— 

Transition, 103 
Trehalose, 220 
Tubes: — 

Adjustment of, 128 

Measurement of lengths of, 128, 1 
Turpentine : — 

Right-handed oil of, 70 

Specific rotation of, 66 
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Water bath, 129 
Wave lengths, 125 
Weighings: — 

Reduction of, to vacuo, 135 
Wine: — 

Chaptalized, 195 
Worts : — 

Reducing power of, 253 

Rotatory power of, 253 
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jecis inclodeil in Ihe First ami Secoiid Divi>ioTis uf the Schedule 
or Subjects for the Cainbiidj,'e Mathemalical Tripos Exuninalion. 
Devi-ed and arranged by Joseph Wolstemiolue, laic Fellow 
of Chrisl's College, sometime Fellow oT St. John's Coli^e, bii<1 
Professor of Mathernatics in the Koyil Indian En^neering College. 
New Edittun, greatly enLirgmt. 8vo. iSr, 

Young SIMPLE PRACTICAL METHODS OF CALCU- 
LATING STRAINS ON GIRDERS, ARCHES, ANIJ 
TRUSSES. With a Supplementary Essay on Economy in su-cpcii- 
sion Bridges. By E. W. YuUSO, Assudite uf King's Collie, 
London, and Member of the Instiiutioo of Civil Eiigineeis. S«>. 
7^.W. 
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Airy(G. E.}. — popular astronomy, with Illustrationa. 
By Sir G. B. AiRV, Ji-CU., Astronoiiicr Royal. New Edition, 
feap. 8vo. 4J. dJ. 
Balfour. ^A TREATISK ON COMPARATIVE EMBRY» 
OLOGY. By F. M. Uaifour, F.R.S. llluslraled. Svo. 

[Sherlly. 
Bastian.— Works by II. Charlton Bastian, M.D., F.B.S., 
Professor of PatholtKical Anatomy in University Coileee, London, 
&c. :~ 
THE BEGINNtNGS OF LIFE : Reingsome Aciraimt of the Natiirt. 
Modes of Origin, and Trans formarions of Lower Orjjanisms. In 
Two Volumes. With upivardsofloolltostraiions. Crown 8vo. aSj. 
"V? is a book Ihal caiiniri he ignerid, and raiisl iiitvilably Uad lo 
rtacofd discussunts and rePmltd eisemaliinis, and Ihraitgh llicie A' 
Ike eslohlishBiinl af indhy—k. E. Wallace in Naturt. 
EVOLlTTrOS AND TUF. ORIGIN OF LIFE. Cromi 8vo. 
6i. 6rf. 

"Abounds in iitformalmt ej ialertst h Ike student tf biological 
science."- -Daily News. 

Blake.— ASTRONOMICAL MYTHS. Based on Flnmmarioii'! 

;ns." By John F. Blake. Willi numerous lllusfr:!- 

Blanford (H. F.).— RUDIMENTS of PHV.SICAl, GEO- 
GRAl'ilV FOU THE USE OF INDIAN .'iCHOOLh;. Hy 
H. F. br-ANFORlJ, F.G.S. With tinmemns llliatriilion^ and 
Glo'isary of Technical Terms employeil. New Eililion. Cllobc 
Svo. 2J. 6,1. 

Blanford (W. T.).— geology and zoology of 

AUYSSINIA. By W. T. Blanforu. Svo. hi. 

Bosanquet AN elementary treatiseon musical 

INTERVALS AND TEMPERAMENT. With an Account of 
an Enharmonic Harmonium exhibited In the Loan Colleelioii of 
Scientific Instrumetits, South Kensinglon, 1876 ; also of on Enhar- 
monic Organ exhibited to the Musical Association of London, 
May, 1875. By R. H. Bosanquet, Fellow of St. John's College, 
Oxford. 8™. 6j. 

>rW. 




Coal : ITS HISTORY AND ITS USES. Bj Pnrfcssors GKttM, 

MiALL, Thorpk, RCcker, and Makshall, of the VoHcsI^ 

College, Leeds. Willi Ulustrationi, 8vo, 121. 6d. 

" llfumitka a ■say compttkitaaii tmxliM on tie wktletntjert of Coal 

fnm tie gm/egiaU, ekamuai, mahankal, ami buiuittiat peaiti yf 

tdmr, ionclu^Hg milA a ihafitr sh Iht imficrtant ti>fk fmamm at 

lit ' Coal Qmtiticii: "— Daily News. 

Cooke {Josiah P., Juo.).— first principus of 

CHEMICAL PHILOSOPHY. Bi- Josiah P. Cookk, Jan., 
En-ine ProfessoT of Cbemistr]' uid Miaeralogj in Rarrud CoUcgc 
Third Edition, rcTised ind coifEcted. Ciowa Sro. izi. 

Cooke (M. C.).— HANDBOOK OF BRmSB FUNGI. 



rats, cnnrii Stq. I41;. 
" iVia wMWJbM its fUa at tit itandarJ EngUsk Immt, *■ tit 
tmijal ^ ariick it InMi, fir maigr yam la camt.'' — StandanL 

Crossley.— HANDBOOK OF DOUBLE STARS. WITH A 
CATALOGUE OF i.aoo DOUBLE STARS AXD EXTEiN- 
SIVE UST3 OF MEASURES FOR THE USE OF AMA- 
TELRS. B7 E, Cmo^SLmv.'F.R.A.S., J. GLEsaiu.., F.R,A.S., 
■ndj. M. WiLSOS, F.R-A,S. Wiik ItlastrMioos. Sro. an, 

Oawkins.^\Varfcs by W. BoTD Dawkiws, F.R.S., fcc, Fko- 
fesor of Geok;^ t.1 Omts College Maadiela. 
CAVE'HUXTIXG ; Risesicfaes oa the Eiidence of Cares icspcct- 
ii^ tb? Ew)r inhabitants oi Eitiope. With Caksicd Pbte aaA 
Woodcuts. Sto. 211. 

" tte —Mst rfatfatmatim ieiai hn^it tmtitr, wHi tiejmfntmi 

mic it kai wmdc of iii mtlri^ wiS it,^^ t« i-mast Ht hmt 

xiti amrit y—r iitj ti^i/ ir nmfar " — SatnrtlaT Review. 

EARLY MAN IS BRITAIN. ASD HIS PLACE LN THE 

TERTIARV PERIOD. With HKtEitioas. Si^ IStartfy. 

Dawson (J. W.). — ACADIAS geology. TTic Oeok^ 
Suuctuiv, Oi^aic Rouiits, and MinenI Resovices of Nova 
Scotia, New Bconswick. xail Pimce Edwud Island. By Joan 
Vinj.itx Dawson, M.A.. LUH, FJLS, F.G.S., Fimclpat ud 
V)c«-CltaiiiiKU>x of M'GtII CoUcge sod I. niiersrr. Moatml. ftc 
With > GMtogicsl U^ wi Buneioas IHiistiUiau. TUnI E^io^ 
with Supf femeat. Svo. 2ti. Sapplemenl, sepusteij, ai.U. 

Fwke.— DARWINISM; AXD OTHER ESSAYS, By Joss 
F)%l. K.A. LUL^.G^ORtti- Leenra^nAKSfA; ia Haran] 

Vmtvraitj. Cmwa Svul 71. 6JL 
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Fleischer.— A system of volumetric analysis. 

By Dr. E. Fi-ElscHEH. Translated from ihe Second Germnn 
Edition by M. M. Paltison Muir, with Notes and Additions. 
Illustrated. Crown Svo. 71. 61/, 

Fluclciger and Hanbury.— pharmacographia. a 

Ilislory of the Mncipal Drugs of Vegelhb Origin met with in 
Great Britain and India. By F. A. Fl.iJCKir.EH, W.D., and 
i>. Hanburv, F.R.S. Second Edition, revised. Svo. at/, 

Forbes,— THE TRANSIT OF VENUS. By George Forbes, 
B.A., Professor of Nalural Philosophy in the Anderaonian Univer- 
sity of Glasgow. With numerous Illustrations. Crown Svo. 3J. id. 

Poster and Balfour. — elements OF EMBRYOLOGY 
By Michael Foster, M.D., F.R-S-.andF. M. Balfour. M.A.. 
Fellow of Trinity College, Cambridge. With numerous lUuBtra- 
lions. Part I. Crovra Svo. 7J. (td. 

Gallon. — Works by Francis Galton, F.R.S. :— 
METEOROGRAPHICA, or Methods of Mapping the Weallier. 

Illustrated byupwardsof 600 Printed LithographicDiHgrams. 4to. gr, 
HEREDITARY GENIUS : An Inquiry into its Laws and Cou- 

sequences. Demy Svo. I2j. 

Thi Times calls it " a most able and most inleraling ipok.'" 
ENGLISH MEN OF SCIENCE; THEIR NATURE AND 

NURTURE. Svo. &(. (,d. 

" The book is certainly ent of viry great inlirest," — Nature. 

Gamgee. — a TEXT-BOOK, systematic and PKACTICAL, 
OF THE PHY.S 10 LOGICAL CHEMISTRY OF THE ANI- 
MAL BODY. By Arthur Gamgee, M.D., F.K.S,, Professor 
of Physiology in Owens College, Manchester. With Illnsl rations. 
Svo. {In tkipriss. 

Geikie — Works by Archibald Geikie, LL.D,, F.R.S., 

Murchison Professor of Geology and Mineralogy at Edinburgh r— 

ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY. 

With numerous Illustrations. 'Fcap. Svo. 41. &/. Questions, 11. &/. 

OUTLINES OF FIELD GEOLOGY. With Ulustrations. Crown 

Svo. 3'. &/. 
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Gray.— STRUCTURAL BOTANV ON THE BASIS C 
MOKH^IOl.OGV. IljF Prufe^tot Asa Gray. Witfa I llosi ration 
Svo. \ln the fre. 

GuiUemin.— THE forces of nature : a Popnlar Intro- 
dncliim Co Ihe Stuily or Physical riienomeDX By Am£i>&c 
GuiLLBHiN. Translated from tlie French by Mrs. Kocman 
I^CKVER; and KditnT.wkth Ailditions and Notes, iiy J. Nokuax 
LocKVES, F.R.S. Ilhislraicdby Coloured Pblcs, a^ 4SS Wood- 
cuts, lliird and cheaper Einiion. Royal Svo. 2fs. 
' ' Translattrr and Edilar have doiu justkt lo Ikdr talk. Tlte 
text kai all tit force and Jlmo cf menial ^mittar, lemMnitg 
fekkfidttes! la Ihi aulhet' s matningviilk fmrity and tmirfeitJeitre 
in n^rd to idiom ; ■mhih tht hiitOriaU prrrisiaH and accurtuy 
ptrvading Ikt vmrt IhroHslieul, ijK\ii of the ■malchjiil tdtioriat 
svprrvitkiH vikick has btcn given ta niery iHtHtific d^ail. Ketkiirg 
caa wdl txtttd the claattas and ddiiaey oj ike Uluitrative viced- 
cuti. AU^githtr, the work migr U laid la Aaoe no famltJ, ritber 
in pant ffj fulness BT allraclhn, as a pepalar mantial ttf physkal 
scieiKr." — Satunlay Revieiv. 
THE APi'LlCATIONS OF rHVSICAL FORCES. By A. 
GuiLLEMTN. Translated from the French by Mrs. Lockyer, and 
Edited with Notes and Additiuns by J. N. LOCKVER, F.E.S. 
With Coloured Plates and numerons Illustrations. Cheaper 
Edition. Imjterial Svo. dolh, extra gilt. 361, 
Also in Eighteen Monthly Part::, price u. each, I'art I. in NoTemter, 
1S78. 

■ ■ A book which im can hairtily FKammend, ioth an accBHHt af the 
ivldlk and somtdnea ef Us cantmls, ami a/to treatise rf the excel- ' 
lence rf its frinl, its illustrations, and external appearanee." — 
We&tniinstrr Review, 

Hanbury. — science papers : chiefly Pharmaeolr^rcnl and 
Botanical. b^- DaNiki, Handurv, F.R.S. Edited, with 
Memoir, by J. Ince, F.L.S,, and Portrait engraved by C. II. 
JEENS. 8vo. \v. 

HensloW.— THE THEORY OF EVOLUTION OF LIVING 

THINGS, and Application of the Principles of Evolution to 

Religion considered as Illustrative of the Wisdom and Beneli- 

cence of the Almighty. By the Rev. George IIenslow, 

M.A., F.L.S. CroivnSvo. (>!. 

Hooker. — Works by Sir J. D. Hooker, K.C.S.l,, CXB., 

F.R.S.. M.O,, D,C.L. ;— 

THE STUDENT'S FLORA OF THE BRITISH ISLANCS. 

Second Edition, revised and improved. Globe Sto. lot. &/. 

" Certainly tht fitilest gnd most acettrale manual of the hind lliot 

has yd appeared. Dr. Hooker has shrni-it his eharacleristit indnslry 





H ooker — cBiiiwutt/. 

aH.t ahUUy in tie tan aud sUll icAM if Ant thnnttH inh Ikt 
charaetiT! ef Ikt plains. That are to a gnat txltnl im'siaal, and 
ore rally odHtirable for thtir nmUaaHaH ef cleortxss, irtrify, 
a»,/f™//rf™OT."-Fall Mall GaieUe. 
PRIMER OF BOTANV. Wilh lUustrBtion^. iSmo. u. New 
Edition, revised and correcled. 

Hooker and Ball.— jouRNAi, OF a tour in marocco 

ANDTHE GREAT ATLAS. By Sir J. D. Hooker, K.C^.I,, 
C.B.. F.K.S., &c., and J'lHN Ball, F.R.S. Wilh Appendices, 
including n Sketch of tlie Geology of Marocco. By O. Maw, 
F.L.S., F.G.S. With Mnp and iTlustrations. 8vo. alj. 
" TMs is, lailioal doubt, <me of the most intcreslivg nnd valuaNe 
/looks of travel fiddhlicd for nii]jyj,Mj-j."— Spectator. 

Huxley and Martin.— a COURSE of PRACTICAL IN- 
STRUCTION IN ELEMENTARY BIOLOGY. By T. H. 
IIuxLEV, LL.D., Sec R.S., nssisied by H. N. Maktin, B.A., 
M.B., D.Sc, Fellow of Christ's Coil^e, Cambridge. Crown Svo. 
ts. 

" This is the Blast thorBUshly valuaili bsok to leaehers and slndents 
e/ Molagy wkieh hits ever appeared in till En^liih tongue" — 
London Quarterly Review. 

Huxley (Professor).- lay SERMONS, addresses, 
AND REVIEWS. By T. H. Huxlev, LL.D., F.RS. New 
and Cheaper Fjliiion. Crown Svo. 71. td. 

FBujtem DiscaHrses oathefollowitig sttbjtcts: — (i) Oh the Advisable- 
tress ef Imfrtr.-ing NctHral KtiewMse :—(i\ F.mancipatian— 
Black and While .'—(3) A Liberal Education, and whet-e to find 
»(.■— (4) SeieHeifieSdHfa^Bn:~(s) On the Edieatiimal Vahie of 
the Natural Jliilory &iaKes:^{(i) On llie Study of Zoology: — 
(7) On the Physical Basii of Life:— <^) The Scientific Asfert: ef 
l^sUkdim:-{g\ On a Pieee of Chalk:— {\o) Geolo'icnl Coiiieta- 
foranettyandiyrsisttnl Types of Life :—(i\) GtologicalJfefena :— 
(12) Tlie Or^ia 0/ Spfciej:-il3) Criticism! on the "Origin ^ 
Species :"^{n,) On Dacartei " Diseetine touching the Method of 
using On/s Keasoti rightly and of seeking Scientific ThiiA." 
ESSAYS SELECTED FROM "LAY SERMONS, AD- 
DRESSES, AND REVIEWS." Second Edition. Crown Svo. ij- 
CRITIQUES AND ADDRESSE.S. Svo. lou. 6.1. 

Canlenls:—!. Adatiuislratkre Nihilism. 3, The School Boards: 
vihal Ihey can de, and vihal they may do. 3. On Medical £du- 
eatien. 4. Yeast. 5. On the Pormatian of Coal. 6. On Coial 
and Coral Kerfs. 7. On the Methods and Remits of Ethiiology. 
8. On some Fixed Points in British Ethmttoj-y. 9. Palirotitology 
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Huxley (Professor) — roMinuid. 

and the Dxtrine of Evolution. la Biogenesis and Abiogtnait. 
It. Mr. Daneiiit Critics. iz. TJu Gen/ahgy of Atumals. 
13. Biihop Birieliy on the Metaphysics of Stnsatien. 
LESSONS IN ELEMENTARY PHYSIOLOGY. With nnmerona 

Illustrations. New Edition. Fcap. Svo, 4/. bd. 
"Part gold Ihroughoul." — Guardian. " Unqttestionably the clearest 
andmost complete elementary treatise on this subject that lue possess in 
any laHguage." — Westminster Review. 

AMERICAN ADDRESSES; with a Lecture on the Smdy of 

Biology. Svo. 6f. td. 
PHYSIOGRAPHY: An Introduction to the Study of Nature, With 
Coloured Plates ajid numerous Woodcuts, New Edition, Crown 
8vo. p. bd. 

"It luould be hardly possible to place a more useful or suggestive 
boai in the hands of Icarmrs and leocAirt, or one that is better 
calculattd to make physiography a favourite subject in the science 
schools. ' '—Academy. 

Jcllet (John H., B.D.). — a treatise on the 

THEORY OF FRICTION. By John H. Jellet, B.D., 
Senior Fellow of Trinity Colleee, DubUn ; Pcesident of the RoyaJ 
Irish Academy. Svo. %s. 6rf. 

Jones. — Works by Francis Jones, F.R.S.E., F,C,P., Chemical 

Master in the Grammar School, Manchester. 
THE OWENS COLLEGE JUNIOR COURSE OF PRAC- 

TICAL CHEMISTRY. With Preface by Professor RoscoE. 

New Edition, igmo. With Illustrations. 2s. (td. 
QUE.STIONS ON CHEMISTRY. A Series of Problems and 

Exercises Jo Inorganic and Organic Chemistry, iBmo. Jr. 

Kingsley.— GLAUCUS -. OR, THE WONDERS OF THE 
SHORE. By Charles Kingsley, Canon of Westminster. 
New Edition, with numerous Coloured Plates. Crown Svo. 61, 

Landauer.^BLOWPiPE analysis. By j. landauer. 
Authorised English Ediiion, by James Taylor and W. E. Kay, of 
the Owens College^ Manchester, With Illustrations. Extra fcap. 
Svo. 41 6d. 

Langdon.— THE APPLICATION OF ELECTRICITY TO 
RAILWAY WORKING. By W. E. Langdon, Member of ihe 
Society of Telegraph Engineers. With numerous Illustrations. 
Extra fcap. Svo. 4r. t>d. 

" Then is no o^ccr in the telegraph service iv/io u-ill not profit by 
the study of this book." — Mining Journal. 
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Lockyer (J. N.).— Wockaby j. nobman Lockver, F.R.S.— 
ELEMENTARY LESSONS IN ASTRONOMY. With na- 
meroua Illustrations. New Edition. Fcap. Svo. 51. 6d. 
"Tht bmikis full, clear, sound, andwcrthy of alltntion, ntU only at 
a fopular exposition, hut as a sdml^ 'Indac.'" — Athenreum. 
THE SPECTROSCOPE AND ITS APPLICATIONS. By J. 
Norman Lockver, F.R.S. With Coloured Plate and nomerou* 
Illustrations. Second Edition. Crown Svo, y. bd. 
CONTRIBUTIONS TO SOLAR PHYSICS. By J. Norman 
LocKYEB, F.R.S. I. A Popular Account of Inquiries mto the 
Physical Constitution of the Sun, with especial reference to Recent 
Spectroscopic Besearches. II. Communications to Uie Rojnl 
Society of London and the French Academy of Sciences, with 
Notes. Illustrated by 7 Coloured Lithi^apbic FUtes aad 175 
Woodcuts. Royal Svo. cloth, extra gilt, price 31J. 6d. 
" The book may be taken as an authmtie exfoiilien ef the present 
state ef science in connection vaiih the imperlant subject of spcctro- 
scofiic analysis. . . . Even the uasdentific pu/ilic may derive much 
information from £(."— Dally Neivs. 
PRIMER OF ASTRONOMY. With Illustrations. l8mo. u. 

Lockyer and Seabroke.— star-gazing .- PAST AND 
PRESENT. An Introduction to Instrumental Astronomy. By 
J. N. LoCKVEH, F.R.S. Expanded from Shorthand Notes of a 
Course of Royal Institution Lectures with the assistance of G. M. 
Seabroke, F.R.A.S. With numerous lUustratiooS. Royal Svo. aw. 
' ' A book of great inlertst and utility to the astronomical student^ 
— Athenasum. 
Lubbock. — Works by Sir John Lubbock, M.P.,F.R.S.,D.C.L.: 
THE ORIGIN AND METAMORPHOSES OF INSECTS. 
With Numerous Illuttrations. Second Edition. Crown Svo. 3J. bd. 
"As a summary of the pliatomena of insect metamorphoses his Htlle 
book is of great value, and loill be read vnlk interest and profit 
by all students of natural history. The vihole chapter on the 
origin of insects is most interesting and valuable. The illuitra- 
tians are tmmeraus and good."— V/esbainster Review. 
ON BRITISH WILD FLOWERS CONSIDERED IN RELA- 
TION TO INSECTS. With Numerous lUustralions. Second 
Edition, Crown Svo. 41. 6d. 
SCIENTIFIC LECTURES. With lUniitrations. 8vo. Ss. 6d. 
Contents; — Flc/mers and Insects — Plants and insects — J'ht 
Habits of A nts^ Introduction to the Study of Prehistoric 
Archeology, ifc. 
Macmillan (Rev. Hugh). — For other Works by the same 
Author, see Theologicai. Catalogue. 
HOLIDAYS ON HIGH LANDS ; or, Rambles and locidents in 
search of Alpine Plants. Globe Svo. cloth, 61. 
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Hacmillan (Rev. Hagh>— «,*>„„/. 

FIRST FORMS OF VEGKTATIOS. Second Edition, corrected 

mid enlnrgcil, wilh Coloured Frootispiece and numerous Ulustra- 

lions. Glube 8ro. 6j. 

TTie fint aiiliem nf Ikis ioek ;«ii fiHiiishal under Iht name of 
"FaotHola fnm the Pa^ef Nature; or. First Fei-ms of Vegela- 
tien. Pntadlr Ike iai pepuiar guidi to the tituty of messes, 
lic&eai, aiiJ/uH^etVrviridai. Its fraclieal vabu ai a helpta 
the stmiettt and cfftlec/er eamttrt 6e iciijyr'-aftrf."^Mtuichesl'er 
Eiaminer. 

Mansfield (C. B.).— Works by the late C. B. Mansfikld !— 

A TIIEORV OF SALTS. A Treatise oo the Conslitulion of 

BIpoUr (tu'o-membeied) CliemLL-iLl Compounds. Crown Svo. 141. 

AERIAL NAVIGATION. The rrublein, with Hints for its 

Solution. Edited by K. B. Mansfielu. With a Preface by J. 

M. Ludlow. With IlIusETations. Crown Svo. 101. bd. 

Mayer.— SOUND : a Series of Sijipic, Eiilertaining, and In- 
" -e Experiments in the Phenomena of Sound, for the Use " 



Mayer and Barnard. — LIGHT. A Series of Simple, Enter- 
raining, and Uaefnl Experiments in the Phenomena of Light, for 
the nse of Students of every age. By A. M. MWER and C. 
Barnard. With Illustrations. Crown Svo. 2i. (nl. 

Miall.— STUDIES IN COMPARATIVE ANATOMY. No. 1, 

The Skull of the Crocodde. A Manual for Students. By L. C. 
M [ALL, Professor of Biology in ^'orkshire College. Svo. 21. 6d. 
No, 1, The Anatomy of the Indian ElcplianI, By L. C. MlALL 
and F. Greenwood. With Pbles. Sj-. 

Miller.— THE ROMANCE OF ASTRONOMY. By R. Kallev 
Miller, M.A., Fellow and Assistant Tutor of St. Peter's Col- 
lege, Cambridge. Second Edition, revised and enlarged. Crown 
Svo. 4J. &/. 
Mivart (St. George).— Works by St.GeorceMivabt,F.R.S. 
&c.. Lecturer in Comparative Anatomy ol St. Mary's Hospital: — 
ON THE GENESIS OF SPECIES. Second Edition, to which 
notes have been added in reference «nd reply to Darwin's "DesctM 
6f Man." Wilh numerous lUustnOions. Crown Svo. gj. 
" fu m> wori m Ikt Eagliik langua^ has Ihii great esHtiwer^ 
ken trialed at ennr wtfA the same bread and vigonHit gr^sf if 
fuels, itmt 'Ae same tiien'/ a/iiteaiidid fei/iper." — Saturday Review. 




Mivart {St. George}— rBn/inaai. 

THE COMMON FROG. Wilh Numermu IHustra lions. Crown 

Svo. 3/. &/. (Nature Series.) 

" ll ii ail ttilf tnenop-am nf the Frog, and soaulhiig mart. It 
tAraii's valuable crossli^/iti avtr luMi pBiiiotU af aMimatid natHrr, 
iVeuldthal nick works were more plmlifitl." — Qunrlerly Journal 
of Science. 

Moseley. — notes hy a natukalistonthe "chal- 
lenger," beinean account of various observation!! made during 
tiie voyiweof H.M.S. "Challenger" round the world in the years 
1872—76. By H.N. M0SEI.EV, M.A.. F.lt.S., Member of Ihe 
ScienliBo StalT of Ihe " CiiaUenyer." Wilh Map, Coloured 
riates, and Wocdculs. Svo. zii. 

" Thu U wtmuly the taest interesUm; aitd siiggaHjit book^ dacrifr 
Uve of a uaimalisfs travels, ■siAieh has huii pulHisAiJ riuce Mr- 
JTantiin'i ' yatirnal of Hesearckts ' affearid, itmn luore t/iaH forty 
years ago. TTmt it is laorthy lo lit placed alongside that deligttlful 
record of the iiiipressimis, sfeculalions, aud refleclieiis of a master 
mind, tr, mi di uol douiil, tkr highest fmiti vhrcb Mr. lltotfltl 
would discri fir All iaei, and ive do uel heiitale to lay Hat such 
praise is iliaesert." — Nature. 
Muir. — PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged for the first M. B. Cuarse. By 
M. M. Pattison Mum, F.R.S.E. Fcnp. Svo. 1/, en*. 
Murphy — .HABIT AND INTELLIGENCE: a Series oF 
Essays on the Laws of Life and Mind. liy JosKPTi John 
Murphy. Second Editian, thoroughly revised and mostly re- 
uritlen. Wilh 11 lost rations. 8vd. i6j. 

Nature— A weeklv illustrated journal of 

SCIENCE. Published every Thursday. Price 6d. Monthly 
Paris, 2s. and 21. 6d. ; Hal I-yearly Volumes, 15/. Cases for trinding 
Vols. II. 6,1. 

" 77a's aide am! well-edileil yoiiriial, which foils tip the science tif 
Ihe day proniflly, nnd premises It be of signal seniiee to students 
and savanli. .... Scaredy any exprtsiions that 'Jie can eiapky 
tiKttId exargrrate our sense of the moral and Iheoliigical value of 
thi iiwi-*. "--British Quaneriy Kevieiv. 
Newcomb. — popular astronomy. Ity Simon New- 
comb, LL.D., Professor U.S. Na.val Observatory. Wilh 112 
Engraviugs and Five Maps of the Siara. Svo. iSj. 
" As aj^rjiug a Ihariaigkly rdiable faaaiation for Hieit adOKHced 
reading, Pro^sor Neweimb^s ' J'opu/ar Aslrgiuiiny ' is dexrviug 
of strong recommctidatii'H." — Nature. 

Oliver Works by Daniel OLiYEit, F.B.S., F.L.S., Profesaoroi 

Botany in University CoIleE^, London, aiid Keeper of Ihe llerbn' 
rium j.iir| Library of Ihe Royal Gaidens, Kcw :— 



i6 SCIENTIFIC CA TALOGUE. 

Oliver — conHttutd. 

I.ESSONS IN ELEMENTARY BOTANY. With nearly Two 

Hundred Illuslrations. New Edition. Fcap. 8vo. 4r. (>d. 
FIRST BOOK OF INDIAN BOTANY. Witi numeroui 
lltustnitioiu. Extra Tcap. Svo. 6j. id. 

"II conlaiiu a aidl-diffcUrd summary of all asmtial kntrwlidge 

fiertainiHg la Indiau Botany, -airoHghi out in accordance tuitk the 

iai friHcifla ef icicHtiJic arrangemenl." — Allen's Indian MaiL 

Pasteur.— STUDIES ON fermentation. The Disea-wa 

of Beer ; their Causes and Means of Prtventiog tbeni. By L. 

Pasteur. A Traoslation of-'Etudessurla Biere," With Note;', 

lUustratioQS, &c. By F. Faulkner and D. C. Robb, B.A. 

Pennington.— NOTES ON THE BARROWS AND BONE 
CAVES OF DERBYSHIRE. With an account of a Deacenl 
into Elden Hole. By RooKK PENNtNOTOK, B.A., LL.B., 
F.G.S. 8vo. 6j. 

Penrose (F. C.)— on a method of predicting by 

GRAPHICAL CONSTRUCTION, OCCULTATIONS OF 
STARS BY THE MOON, AND SOL.\R ECLIPSES FOR 
ANY GIVEN PLACE. Together with more rigorous methods 
Tor the Acctunte Calcuktion of Longitude. By F. C Femkosk, 
F.R.A.S. With Charts, Tables, &c. 4to. tar. 
Perry.— AN elementary treatise on STEAM. By 
John Ferry, RE., Professor of Engineering, Imperial CoU^e of 
Ei^Decrine, Yedo. With uumetous Woodcuts, Nnmerical Ex- 
amples, and Exercises. iSmo. 41. &/. 

"Mr. Perry iai « Ml compact littii sviume brVHght leather am 

tmrnenie amauHl of iaformatiBn, nrai Icld, nsarimg steam and 

its afplteatiim, not Ike least of Us anks iang that it is suited to 

the capacities alike of the ty:B tn tngineering scittice or Ike better 

grade of artisan." — Iron. 

Pickering. — ELEMENTS OF PHYSICAL MANIPULATION. 

By E. C PiCKERiNC, Thayer Professor of Physics in the Maasa- 

cbnsetts Institnte of Technoli^y. Pact I., medum Svo. icw. 6f/. 

Part II., lou. 6rf. 

" What fimsktd •Physical Maaipulalian' wSl no deubl be con- 
tiered the best and must complete text-bodt on the suijXt ej 
■mkiek ii treats." — Nature. 

Prestwich — the past and future of geology. 

An Inaugural Lecture, by J. PREsrw-lCH, M.A., F.R.S, &c.. 
Professor of Geology, Oxford. Svo. zs. 
Radciiffe.— PROTEUS ; OR unity in nature. By. c. 
R. RADCLtFFB, M.D., Author of "Vital Motion as a mode of 
Physical Motion. Second Edition, ivo. Jt. 6d. 
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Rendu. — the theory of the glaciers of savoy. 

By M. LB Chanoisb Rendu. Translated by A. Weits, Q.C., 
late President of the Alpine Clab. To which are added, theOriEinal 
Memoir and Supplementary Articles by Professors Tait and Rus- 
KiN. Edited with Introductory reBiarks by George Fordes, B.A., 
Professor of Natural Phil0EiO[Jiy in the Anderaonian University, 
Gla^ow. Svo. 7j. 6d. 

Roscoe. — Works by IIenuv E. Roscoe, F.R.S,, Professor of 

Chemiatry in Owens Coll^, Manchester r — 
LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 

AND ORGANIC. Widi numerous Illustrations and Chromo- 

litho of the Solar Spectrum, and of the Alkalis and Alkaline 

Earths. New Edition. Fcap. Svo. 41. &/. 
CHEMICAL PROBLEMS, adapted to the above, by Professor 

Thorpe. Fifth Edition, with Key. 21. 

" Ife unifsiialingiy /ironoumt il the best oj all otir elimentary 
Inalbes on C/iwiwfr)'."— Medical Times. 
PRIMER OF CHEMISTRY. Illustrated. i8mo. u. 

Roscoe and Schorlemmer. — a treatise ON IN- 
ORGANIC CHEMISTRY. With nnmerous IIlustrationF. By 
Professors Roscoe and Schorlemmer. 
Vol. 1., The Non-metallic Elements. Svo. 2!J. 
Vol. II., Pact I. Metals. Svo. iSj. 
Vol. II., Pact II. Metals, Svo. 181. 
"Regarded as a IreaHseon l&e Nen-nulaUic Elements, there can ie 
ne donit 1/uit tJiis iH>lume is incomparably the mast setiifacUifv one 
0/ which we are in poisasien." — Spectator. 
' ' // would be dipailt to praise the werU tea highly. All the merits 
■which we noticed in the first volitme are conspicuous in the second, 
nearrangemetit is clear And ictatt^; ike ficts gained. ty modern 
raiareh are fairfy represexteii and judiciously selected ; .and the 
style throughout is singularly lucid."— Ijaacet, 

Rumford (Count).— the life and COMPLETE WORKS 
OF BENJAMIN THOMPSON. COUNT RUMFORD. With 
Notices of his Daughter. By GEORGE ELLIS. With Portrait. 
Five Vols. Svo. 4/. 14J. 6d. 

Schorlemmer— A manual of the chemistry of 
THECARBON COMPOUNDS OR ORGANIC CHEMISTRY. 
By C. Schorlemmer, F.R.S. , Lecturer in Oi^anic Chemiatry in 
Owens College, Mandiester. Svo. 14J. 
■t'l.'^H appears to us to ie at caatpUii It manual of the mdamorphoses of 
*V» : mrbeit as eguld be at present produced, and it must prove erninenl'y 
.1 -luiefulto the chemical student."— Aihtnxnra. 



Shann.— A>J ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM ENGINE. 
ByG. Shann, M.A. With Illustrations. Crown Svo. \s. dd. 

Smith.— HISTORIA FILICUM ; An Exposition of the Nutare, 
Number, and Oi^nography of Ferns, and Review of the Prin- 
ciples upon whiKh Generj are founded, and the Systems of Classifi- 
cation of the principal Authors, with a new General Arrangement, 
Slc By J. Smith. A.L.S., ex-Cutator of the RayoJ Botanic 
Garden, Kew. With Thirty Lithographic Plates by W. H. FiTCtr, 
F.L.S. Crown 8*0. Xlt.hd. 



South Kensington Science Lectures. 

Vol. I. — Containing Lecture-i by Captain ABNtV, F.RS., Professar 
Stokks. Professor Kennedy, F. J. BitAMWBLt, F.R.S., Pro- 
fessor G. Forbes, H. C. Sorbv, F.R.S., J. T, Bottomley, 
F.R.S,E.. S. H. Vines, B.Sc, and Professor Cabey Foster. 
Crown 8to. 6/, [Vol. II, nearly ready. 

Vol. II. — Containing Lectures by W. Spottiswoode, P.R.S-, Prof. 
Forbes, H. W. Chishdlh, Prof. T. F. Pigot, W. Froude, 
F.R.S., Dr. Siemens, Prof. Barkett, Dr. Burqen-Sander- 
SON, Dr. Lauder Bruntqn, F.R.S., Prof. McLeod, Prof. 
RoscoE, F.R.S., &c. Crown Svo. &r. 
SpottiSWOOde. — polarization of light. By w. 
SpotTisWOODE, President of the Royal Society. With numerous 
Illustrations. Second Edition. Cr, Svo. 31. Sd. (Nature Series.) 
" Theilbntratiiins an txceedingly-anU adapted to assist iti making 
tkt ttxt cmiiprtlunsibU'' — Aihenwnm. "A clear, trustworthy 
manual." — Standard. 
Stewart (B.).— works by Balfour Stewart, F.R.S.,lProfessor 
of Natural Philosophy in Owens College, Manchester : — 
LESSONS IN ELEMENTARY PHYSICS. With numerous 
lUustnttions and Chrotnolithos of the Spectra of the Snn, Stars, 
and Nebuke. New Edition. Fcap. 8vci. 41. 6d. 
Til Educational Times calls this the btau-idial of a scienlijlc text- 
hook, clear, accurate, and Iharougk. " 
PRIMER OF PHYSICS. With lUustrations. New Edition, with 
Questions, iSmo. 11. 
Stewart and Tait. — the UNSEEN UNIVERSE: or, 
Physical Speculations on a Future State, liy Balfour Stewart, 
F.R.S., and P. G. Tait, M.A. Sixth Edition. Crown Svo. 6s. 
" JTie iooi is one which taell desm/ss the ^tenlion of thtntghtjtd and 
religious readers. . . . ft is a perfectly soitr inquiry, on scientifie 
grounds, into the possibilities of a future existence." — Guardian. 
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Stone. — ELEMENTARY LESSONS ON SOUND. By Dr. 
W, H. Stone, Lecturer on Physics at St. Thomas' Hospital. 
With lUuslrations. Fcap. Svo. y. 6d. 

Tait— LECTURES ON SOME RECENT ADVANCES IN 
PHYSICAL SCIENCE. By P. G. Tait, M,A., Professor of 
Philosophy in the University of Edinburgh. Second edition, 
revised and enlarged, with ihe Lecture on Force delivered before 
the British Association, Crown Svo. 91, 

Tanner.— FIRST principles of AGRICULTURE. By 
Henry Tanner, F.C.S., Professor of Agricultural Science, 
University College, Alierystwith, Examiner in the Principles of 
Agriculture under the Goveniment Department of Science. iSmo, 

Taylor.— SOUND AND MUSIC : A Non-MatheiQiit!cal Trea- 
tise on the Physical Constitution of Musical Sounds and Harmony, 
induding the Cliief Aconstical Discoveries of Professor Helm- 
holti. By Sbdley Tavlor, M.A„ late Fellovir of Trinity CoL 
ledge, Cambridge. Large crown Svo. 8j. &/. 
" In fto praiims snentific treatise do we renumber so exhaustive and 

so richly Utiatrated a description, of forms of vibraliott and of 

wave-moli h in /luiils."— Musical Standard. 

Thomson. — Works by Sir Wyville Thomson, K.C.B,, F.R.S. 
THE DEPTHS OF THE SEA : An Account of the General 
Results of the Dredging Cruises of H.M. SS, "Porcupine" and 
"Lightning " during the Summers of 1868-69 and 70, under the 
BinentifK direction of Dr. Carpenter, F,R.S., J. Gvvyn Jeffreys, 
F.R.S., and Sir Wyville Thomson, F.R.S. With neaiiy 100 
lUuatratioiis and 8 coloured Maps and Plans. Second Edition. 
Royal Svo. doth, gilt. lu. 6d. 

The Alheneeam says : " The hook is fidl of interesting matter, and 
is virillett by a vmsler of Ihe art of popular exposition. M is 
excellently illustrated, bath coloured maps and laoodetils possessing 
high merit. Those viho have already become interested in dredging 
operatioHS isiUl of coarse make apeatt 0/ reading this worh ; those 
■Biho wish to be pleasantly introduced to the subject, and rightly 
lo appreciate the news lakich ankies ji-om time to time front the 
^ Challenger,^ should not fail to seek instruilion from it." 
THE VOYAGE OF THE •' CHALLENGER."— THE ATLAN- 
TIC. A Preliminary account of the Exploring Voyages of H. M.S. 
" Challenger," during the year 1873 and the early part ot 1876. 
"With numerous lUust rations, Coloured Maps & Charts, & Portrait 
of the Author, engraved!byC. H.Jeens. 2 Vols. Medium Svo. 411. 
The Times says : — " // is right that the public should hose some 
authoritative account of the general results of the expedition, ana 



Thoin s o It— ^vm/hu(v/. 

Ihal as many of lie aaertained data m may be occepied ■urick a 



iimpi»hid sciefilific chief sf tht ixftditiaH te satiify tk^puilk 
tkUrtiftei. . 1 ■ The faper, fri¥i&Hg, atid ispeeiaUy the taanenms 
itluttrotinns, are of tht higheiC gualily. . , . fVe have rardy, if 
ti'fr, lien more iaiulijiil specimms BFimod engraving diiin aSoutiif 
in His VKrk. . . . Sir IVyviUe Thomson's slylt u partiatlarly 
ailraciivt; he u easy ami gractfid, but vi^rous and exceedingly 
hoftMiin tJir choice of laMguagt, and thraagheHt the Tsori there are 
iBHckes itthkk show that uienee has not ianisAed sewAmeat,frBJn 

Thudichum and DuprS — A TREATISE ON THE 

ORIGIN, NATURE, AND VARIETIES OF WINE. 

Being a Complele Manual of Viticulture and CEnology. By J. L. 

W. Thudichum, M.D., and August Dupae, Ph.D., Lecturer on. 

Chemistry Bt Westminster Hospital. Medium 8 vo. clothgilt. 2^. 

"A treatise atmosi unique for its usefulness either to thewine'grower, 
the vendor, or the consumer of -mne. The analyses of wine are 
the most complete toe have yet seen, exhihitiitg at a glance the 
conslitucid principles of nearly alt the im'ires knoTvn in Ihiscmtntry. " 
— Wine Trade Review. 

Wallace (A. R.). — Works by Alfked Robsei- Wallace. 
CONTRIBUTIONS TO THE THEORY OF NATURAL 
SELECTION. A Series of Essays. New Edition^ with 
Corrections and Additions. Crown 8vo, 8j. &/. 
The Saturday Review says: "He has combined an abundance oj 
fresh arid original ficts tiri/h e liveliness and sagacity ofreasotiing 
wMek art net often displayed so effectively ok sa smalt a scale." 

THE GEOGRAPHICAL DISTRIBUTION OF ANIMALS, 
with m study of the Relations of Liring and Extinct Faunas as 
Elucidating the Past Chiui^s of the Eaith's Surface. 3 vols. Svo. 
with Maps, and nntncrous lUnstraljoiis by Zwecher, 42/. 
7%t Times says: " Alto^ker it is a ■wonderftii asui fasciHOting 
story, whatever objeetioHs may be tahen to theories founded upon 
it. Mr. IValloce has not attempted to add to its interest by any 
adommetils of style ; he has given a simple and clear statement of 
intrinsically interesting fads, and joiat he considers to he legiti- 
mate itduetians frrm ihem. A'aturalists BHgit to be gratefii/ to 
him fit having nnderiaien so toilsome a lash. The toarS, imbed, 
is a credit to <ul concerned — the author, the publishers, the artist — 
UnfortHnately nom no more—of the attractivt illnsirati<mr — last 
but hy no mains least, Mr. Stanfimts map-detigner^ 
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Wallace (A. R. }—.<«/<«««/. 

TROPICAL NATURE; TrithoHif5,EiEBys. 8vo. lat, 

" No-jiheri amid the many fltKriftiefU of Ihc tropics that have bnn 
given is to be foitnd a summary of ihe fast histary and aclual 
fhawfitetia of the, Irefics wkifk gives that vihich is distinctivi of 
the phases of nature in Ihent taare clear!}', shortly, and impres- 
sively." — Satnrday Review. 

Warington the WEEK OF CREATION; OR, THE 

COSMOGONY OF GENESIS CONSIDERED IN ITS 
RELATION TO MODERN SCIENCE. By Georoe War- 
ington, Author of "The Historic Cbaracter ,of the Pe^LtaXeuch 
Vindicated." Crown 8yo. 4J. 6d. ^ 

Wilson.— RELIGIO CHEMICL By the late George Wu.so», 
M.D., F.R.S.E., Regius Professor of Technology IQ the UoiverBity 
of EiUnburgh. With a Vignette beautifully engra»od' after ■. 
desien liy Sir Noel Paton. Crown 8vo. 8/. 6d. 

Wilson (Daniel).— CALIBAN: a Critique on Shakespeare's 

"Tempest" and " Midsummer Night's Dream." By Daniel 

Wilson, LL.D., Professor of History and English Literature in 

Uniyersity College, Toronto. 8vo, los. 6d, 

" The whole volume is most rich en the do^uenee of thought and 

imagination as viell as of -words. It is a choice contribution at 

once to science, theology, religion, and literature." — British 

Quarterly Review. 

Wright.— METALS AND TilEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Aldkr Wright, D.Sc, &c., Lec- 
turer on Chemistry in St. Mary's Hospital SchooL Extra fcap. 
8vo, y. 6d. 

WurtZ.— A HISTORY OF CHEMICAL THEORY, from the 

Age of Lavoisier down to the present time. By Ad. Wurtz. 

Translated by Henrv Watts, F.R.S. Crown 8vo. &. 

' ' The discourse, as a r&um^ of chemical theory arid research, unites 

Siigttltr ItimiHOUsness and grasp. A few judicious notes are added 

by the translator."— ?M Mall Ga?ette. " The treatment of the 

skbfiit is admirable, and thi translator has evidently dene Ail duty 

nmt e^ciently." — Westminster Review-. 
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SCIENTIFIC CATALOGUE. 



SCIENCE PRIMERS FOR ELEMENTARY 
SCHOOLS. 



Introductory. By Professor Huxlev, F.R.S. \_Niarly riady. 

Chemistry — By H. E. Roscoe, F.R,S., Professor of Chemistry 
in Owens Collie, Manchesler. Wilh numerous Illuslratioas. 
i8mo, IJ. New Ediiion. With Qaeslions. 

Physics.— By Balfodk Stewart, F.R.S., Professor of 
NaCnral Philosophy ia Owens Collie, Manctwster. With numer- 
ous nlustrations. l8ma. u. New Edition. Wilh Questions, 

Physical Geography. —By Archibald Geikie, F.R.S., 

Murchison Professor of Geology and Mineralogy at Edinburgh. 
With numerous mu,lralion5. New Edition with Questions. 



With 



Illus- 



Wit 



With 



Astronomy — By J. Norman Lockyer, F.R.S. With n 

UlusUalions. New Edition. iSmo. \s. 
Botany By Sir J. D. Hooker, K.C.S.I., C.B, 

numerous Illustratioas. New Edition. iSmo. is. 
Logic — By Professor STANLEY Jbvons, F.E.S. New Edition. 

Political Economy — By Professor Stanley J KVONS, F.R.S. 
Others in preparation. 

ELEMENTARY SCIENCE CLASS-BOOKS, 

Astronomy — By the Astronomer Royal. POPULAR AS- 
TRONOMY. Wilh Illuslrations, By Sir G. B. Airy, K.C.B., 
Astronomer Royal. New Edition. iSmo. 4J. td. 

Astronomy.— ELEMENTARY LESSONS IN ASTRONOMY. 
With Coloured Digram of the Spectra of the Sun, Stars, and 
NebuliGj and numerous Illustiations. By J. NoRMAN LOCKYER, 
F.R.S, New Ediiion, Fcap, 8vo. 5J. dd. 
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Elementary Science Class-books — continued. 
QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the Use of Schools. By JOHH 
FoRiiES RouEHTSON. i8mo, clotli limp. \s. 6d, 

Physiology — lessons in elementary physiology. 

With numerous Illuatralioo-s. By T. H. HUXLEV, F.R.S., Pro- 
fessor of Natural History in the Koyal SctiDoI of Mines. New 
Edilinn. Fcap. Svo. 4r, 6d. 
QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. By T. Alcock, M.D. iSmo. 11. 6d. 

Botany — lessons in elementary botany. By D. 

Oliver, F.R.S., F.L.S,, Professor of Bolany in University 
College, London. With nearly Two Hundred Illustrations. New 
Edition, Fcap. Svo. 41. 6d. 

Chemistry.—LEssoNs in elementary chemistry. 
INORGANIC AND organic. By Henry E. Roscok, 
F.R.S., Professor of Cbemistry in Owens College, Manchester. 
With numerous lliustratLoDS and Chromo-Iitho of the Solar 
Spectrum, and of the Alkalies and Alkaline Earths. New Edition. 
Fcap. Svo. 4s. 6d. 

A SERIES OF CHEMICAL PROBLEMS, prejiared with 
Special Reference to the above, by T. E. Thorpe, Ph.D., 
Professor of Chemistry in the Yorkshire College of Science, Leeds. 
Adapted for Che preparation of Students for the Government, 
Science, and Society of Arts Eianainatlons. With a Preface by 
Professor RoscoB. New Edition, with Key. iSmo. 2x. 

Practical Chemistry— the owens college junior 

COURSE OF PRACTICAL CHEMISTRY. By Francis 
Jones, F.R.S. E., F.C.S., Chemical Master in the Grammar School, 
Manchester, With Preface by Professor Roscok, and lIlustralionB. 
New Edition. iSmo. is. 6d, 

ChemiStry.^QUESTIONS ON. A Series of Problems and 
Exercises in Inorganic and Oi^anic Chemistry, By F. Jones, 
F.R.S.E., F.C.S. iSmo. 3s. 

Political Economy,— POLITICAL ECONOMY FOR BE- 
GINNERS. By MiLLiCEKT G. Fawcett, New Edition, 
iSmo. 2s. 6d. 

Logic. -^ELEMENTARY LESSONS IN LOGIC ; Deductive and 
Inductive, with copious Questions and Eiamples, and a Vocabulary 
of Logical Terms. By W. Stanley Jevons, M.A,, Professor of 
Political Economy in Univeisity College, London. New Edition. 
Fcap. Svo. y. (id. 
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Elementary Science Class-books- 
Physics.— LESSON? IN ELEMENTARY PHYSICS. By 
Balfol'r SiEWiKT, F.R.S., Professor of Natural Phlli^oplty in 
OwcDS College, Manchester. With numerous lUnstnttioas sod 
Cbromo-Utho of the Spectra of the SuD,SUTSf.u>d2tdalteL New 
Edition. Fop. Sto. 4/. bd. 
Anatomy — LESSONS IN ELEilENTARY ANATOMY. By 
St. Geoegb SdVART, F.R.S. , I.^c{urer in ComfcratiTc AitMoiny 
al St. Mary's Hosg»laL With spwardE of 400 Illaitiatiaiis: Fcap. 
Svo. 61. 6d. 

Mechanics — an ELEMENTARY TREATISE. By A. B. 
\Y. Kennedv, C.E, Profesfor of Applied Mecltanicsia IJiiitcr^ity 
CoU^e, London. With lUostTslioD^ \lmfrrfaratieri. 

Steam — an elementary TREATISK By JoBX Perry, 
Profesor of Engineering, Imperiitl Collie of EaginKnag, Yedo, 
Wish numcroui Woodcuts and NumericaJ Examples snd Exeiciscs. 
iSmo. 4f. bd. 

Physical Geography. _ eloientarv lessons in 
PHYSICAL GEOGRAPHY. By A. Geict^ F.R,S., Hnrchi- 
son Professor of Geology, &c., Edinbuisti. With Binileioas 
lltustralians. Fcap. Svo. 41. (id. 
QUESTIONS ON THE SAME. u. 6rf. 

Geography^CLASS BOOK OF GEOGRAPHY. By C. B. 
CiAEKE, M.A.. F.R.G.S. Fcap. Svo. it. 6J. 

Natural Philosophy— NATURAL PHILOSOPHY FOR 
BEGINNERS. By I. ToDHl^NTER, M.A„ F,R.S. Pirt I. 
The Properties of Solid aiud Fluid Bodies. iSma y. fid. Part 
II, Sound, Light, aud Heit. iSmo. 31. &/. 

Sound.— AN ELEMENTARY TREATISE. 
SlOSE. With Illuttiatiooi, iSmo, 31. 6/. 

Olhfri in Pripiratiffn. 



By Dr. W. H. 



MANUALS FOR STUDENTS. 



Dyer and Vines — the stricture of plants. By 

Prolcffior Thiskltos Dveb, F.B.S., assisted by S»I>^"Ev 
YiKKS, B.Sc, FellowandLecturcrof Christ's Coll^^ Catnbri<lEF. 
■\Vilh numerous lUusualions, \Ih frifaroHen. 
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MANUALS FOR STUDENTS. 



Manuals for Students — continued. 



Fleischer._A system OF VOLUMETRIC ANALYSIS, 
Translated, iwith Notes and Additions, from the second German 
Edition, by M. M. Pattison MuiR, F.R.S.E. With Dlostra- 
tions. Crown 8vo. 71. 6d. 

Flower (W. H.) — AN INTRODUCTION TO THE.-QSTE- 
OLOGY OF THE MAMMALIA. Being the Substance of the 
Course of Lectures delivered at the Rojwl (3)lle?e of Surgeons of 
England in 1870. By Professor W. H. Fiower, F.R.S., 
F.R.C.S. With numerous Illusttations. New Edition, enlarged. 
Crown 8vo. ICxr. 6d. 

Foster and Balfour THE ELEMENTS OF EMBRY- 
OLOGY. By MjcHAEi. Foster, M.D., F.R.S., and F. M. 
Balfour, M.A. Part I. crown Svo. 7x. 61/. 

Foster and Langley._A COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, M.D„ 
F.R.S., and J. N. Langley, B.A, New Edition. Crown Bvo. 6/. 

Hooker (Dr.)— the STUDENT'S FLORA OF THE BRITISH 
ISLANDS. By Sir J, D. Hooker, K.C.S.L, C.B., F.R.S., 
M.D., D.C.L. New Edition, revised. Globe &10. loi. 6d. 

Huxley.—PHYSIOCKAPHV. An Introduction to the Study of 
Nature. By Profe,=sor HuxLEV, F.R.S. With numerous 
Illustrations, and Coloured Plates. New Edition. Crown Sto. 

HuKley and Martin,_A COURSE OF practical in- 
struction IN ELEMENTARY BIOLOGY. By Professor 
Huxley, F.R.S., assisted by H. N. Martin, M.B., D.Sc. New 
Edition, revised. Crown 8vo. 6j. 

Huxley and Parker — ELEMENTARY BIOLOGY. PART 
11. By Professor Huxley, F.R.S., assisted hy — Parker. 
With Illustrations. [In preparation. 

Jevons — THE PRINCIPLES OF SCIENCE. A Treatise on 
Logic and Scientific Method. By Professor W. S TAN lhy Jevons, 
LL.D., F.R.S,, New and Revised Edilion. Crown 8vo. 12s, dd. 
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Manuals for Students — conlmHtd. 

Oliver (Professor) — first BOOK OF INDIAN BOTANY. 
By Professor Daniel Oliver, F.R.S., F.L.S,, Keeper of the 
Herbarium and Library of the Royal Gardens, Kew. With 
numerous lUuslralions. Extra ftap. 8vo. &, %d. 

Parker and Bettany the morphology of the 

SKULL. By Professor Paeker and G. T. BeTTANY. DIub- 
trated. Crown Svo, icw. dd. 

Tait — AN ELEMENTARY TREATISE ON HEAT, By Pro- 
fessor Tait, F.R.S.E. Illustrated. \Inthe Press. 

Thomson — ZOOLOGY. 
F,R.S, Illustrated, 

Tylor and Lan tester. -anthropology. By E. B. 

Tylor, M.A., F.R.S., and Professor E, Ray Lankester, M.A., 
F.R.S. Illustrated. [Th pripayalion. 

Other vo'.umes of these ManuAb will follow. 
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WORKS ON MENTAL AND MORAL 
PHILOSOPHY, AND ALLIED SUBJECTS. 

Aristotle AN INTRODUCTION TO AKISTOTLE'S 

RHETORIC. With Analysis, Noles, and Appendices. By E. 
M. Cope, Trinity College, Cwnbridge. Svo. 14J. 
ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 
ELENCHI. With a Translation and Niites by Edward Poste, 
M,A., Fellow of Oriel College, Oidord. Bvo. 8j. W. 



" Mr. Bai/our's (ritichm is txcetdmgly brilliant and suggataie." — 
Fall Mall Gazette. 

"An able and rijreshing contribution to one of the burning quisticns 
of the agi, ana desirots to make Us mark in the fierce liallU now 
raging bttwcm science and theology" — Athenaeum, 

'ks. — Works by the Rev. T. R, Birks, Professor of Moral Philo- 
sophy, Cambridge : — 
FIRST PRINCIPLES OF MORAL SCIENCE; or, a First 

Course of Lectures delivered in the University of Cambridge. 

Crown Svo. Si. &/, 

This work treats of three topics all prdiminary to Ike direct exposi- 
tion of Moral Fhilosop&y. These are the Certainty and Dignity 
ef Moral Science, Us Spiritual Geography, or relation to otAer 
main subjects of human thought, and its Formative Principles, or 
some elcaenlary truths on itthuh its -whole development mast 
depend. 



MODERN PHYSICAL FATALISM, AND THE DOCTRINE 
OF EVOLUTION ; including an Examination of Herbert Spen- 
cer's First Principles. Crown Svo, 6r, 
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Boole. — AN INVESTIGATION OF THE LAWS OF 
THOUGHT, ON WHICH ARE FOUNDED THE 
MATHEMATICAL THEORIES OF LOGIC AKD PRO- 
BABILITIES. By George Boole, LL.D., Piofessor ot 
MithcniftticB in the Queen's Uoiveisitjr, tielaad, Aa 8ro. 14^. 

Butler.— LECTURES ON THE HISTORY OF ANCIENT 

PHILOSOPHY. By W. Archer Butlek, laie Professor of 
Moral Philosophy in the University of Dublin. Edited from (he 
Author's MSS., with Notes, \if Wili.iam Hepwohth Thomt- 
SDN, M.A., Master of Trinity CoU^e, and RegioB Professor of 
Greek in the University of Cambridge. New and Cheaptr Editii 
revised by the Editor. Svo. izi. 

Caird. — a CRITICAL ACCOUNT OF THE PHILOSOPHY 
OF KANT. With an Historical Inlrodnction. By E, Cairi 
M.A., Professor of Moral Philosophy in the University of Glasgoo 
SvD. 181. 

Calderwood. — Works hy the Rev. Henry Calderwood, M.A. . 
LL.D., Professor of Moral Philosophy in the University of Edin- 

PHILOSOPHY OF THE INFINITE: 

Knowledge of the Infinite Being, in ansi 

and Dr. Mansel. Cheaper Edition. 8vo. 

"A boet of great ability .... turiilen i 

be easily understood by even those ■who 

diseussieiis." — British Quarterly Review. 

A HANDBOOK OF MORAL PHILOSOPHY. Sixth Edition. 

Crown 8vo. 6s. 

" Itis.we/esl coKvinced, ike best hatidbaok en the stihjat, hiidlectually 
and morally, and does infinite credit te its author. " — Standard. 
"A comf act and ttse/ut work, going ever a great deal of grot ' 
in a manner adapted to suggest and facUitati farther study- . 
His boot loiil be an astislana Ig many stalls outside Ais 
Unwersity of Edinburgh, — Guardian. 
THE RELATIONS OF MIND AND BRAIN. Svo. iw. 

" /( should be of real sendee as a clear exfosHtBn and a searching 

criticism of cerebral pyscholog}." — WestmiiLstcr Review. 
" Altogether hts itforh is frobably the best combination io he found 
at present in En^and of exposUion and criticism CH the ^jrct 
V/ physiological psychology J'^-^Thi: Academy. 

CHfford.— LECTURES AND ESSAYS. By the late Professor 
W. K. CLlPFORD, F.R.S. Edited by Leslie SrEPHi 
Frederick Pollock, with Introduction by F. PolXoCK. 
Portraits. 2 vols. Svo, 2^s. 





MENTAL AND MORAL PHILOSOPHY, ETC. ag 
CliETord — contiuHed. 

" TAf Times of Oclo/ia- 2ind says : — " Many a frici%d of Iki aulkor 
en first takiug up thtu volumes aid rememheratg his vtrsaiUe 
genius atat his knii eiiJoynietU of all rtatms of intmeetual luflivity 
must have Imntltd, list th/y should it found to consist offragmtn- 
lary piats of work, toe disconnected to do justice to his fawers of 
eenieculive readitig, and toe varied ta have any effect as a whole. 
FoTtunately these fedrt ere grouHtllas. . . . II is not onfy in 
subject that the various pafiers are closely rioted. T^ere is also a 
singular tansislency of pieai and of method Ihreug/uut. , . . It 
is in the social and ' metaphysical subjecti Ikat iKe richtiess of his 
intdlecl shews itself, most forcibly in the rarity and origin^ity of 
the ideas which he presents io us. To appreciate this .variety it is 
necessary to read tie igok itself, for it treats In some fomi or other 
of all the iubjeds ef deefest interest in this age of questioning." 

Fiske. — OUTLINES OF COSMIC PHILOSOPHY, BASED 
ON THE DOCTRINE OF EVOLUTION, WITH CRITI. 
CISMS ON THE POSITIVE PHILOSOPHY. By Johk 
Fiske, M.A,, LL.B., formerly Lecturer oa Philosophy at 
Harvard Univetsity. z vols. Svo. 351. 

" The taork constitutes a very elective ensyclopadia of the eoeluiion- 
ary fhilosophy, and is wdl viorih the study of all •mho wish to see 
at once the en/ire scope and purport of the scientific dogmatism of 
thedav." — Satimjiy Review. 

Harper. — the metaphysics of the school. By the 
Rev. Thomas Hakpbh (S.J. ). In j vols, Svo. 

[ yal L in November. 

Herbert.— THE reallstic assumptions of modern 

science examined. By T. M. Herbert, M.A.. lute 

Professor of Philosophy, &e,, in the Lancashire Independent 

College, Manchester. 8vo. 141. 

" Mr. Herbert's weri appears to us pae of rial ability and import- 
ance. The anihor has shaivn himself luell trained iii philosophical 
literature, and possessed ff high critical and speculative powers," — 
Mind. 

Jardine.— THE elements of the psychology of 

cognition. By Robert Jardine, B.D., D.Sc, Principal of 
the General Assembly's College, Calcutta, and Fellow of the Uni- 
versity of Calcutta. Crown 8vo. 6/. bd. 

Jevons. — ^Worksby W. StaOT-sv JBVONS, LL.D., M.A., F.R.S., 

Professor oJ Political Etonomy, Univeraity College, London. 



A 



3° 



SCIENTIFIC CATALOGUE. 



J e von ^—(BHtitmai. 

THE PRINCIPLES OF SCIENCE. A Treatise on Lc^c 
Scientific Mclhod. New and Cheaper Edition, revised. Ci 
Svo. 121. fid. 

"No ent IK jMlure tan be iaid fa have any true kuBV/ledff of v/Aat I 
has i/tn done in thi ■nray of logkcU and scutUiJie method in 1 
Eneiar. i viitheut having carefully studied Professor yeven^ l 

THE SUBSTITUTION OF SIMILARS, the True Principle of 
Reasoning. Derived from a Modification of Aristotle's Dictum. 
Fcsp. Svo. is. bJ. 

ELEMENTARY LESSONS IN LOGIC, DEDUCTIVE AND I 
INDUCTIVE. With Questions, Examples, and Vocahulary of I 
Logical Terras. New Edition. Fcap. Svo, y. &/, ' 

PRIMER OF LOGIC. New Edition. iSmo. tj. 
MaCCoU. — THE GREEK SCEPTICS, from Pyrrho to Sentus. 
An E:sBay which ohtnined the Hare Prize in the year i868. By 
NoBUAN Maccoli, B.A., Scholar of Downing College, Cam- 
bridge. Crown Svo. 31. bd. 

M'Cosh.— Works hy James M'CosH,LL.D„ President of Princeton 

Collie. New Jersey, U.S. 

' ' He certainly shorn himsdf skUfal in that afplicalian 0/ logic to 
psychology, in that inductive science of the human mind -which is 
the fine side of English philosophy. His phOosophy as a ■whole is , 
worthy of attention."— Rerue de Deux Mondes. 
THE METHOD OF THE DIVINE GOVERNMENT, Phyacal 

and MoraL Tenth Edition. 8vo. los. 6d. 

"TMs workis distinguished Jrom ether similar ami by its being j 
based upon a thorough iludy 0/ physical science, and an accurate I 
knowledge of its present cotiditieH, and iy its entering in a 1 
deeper and mareunfeUered manner than its predecessors upon the dii- 
eussien of the appropriate psychological, diSeol, and throlagiail ques- 
tions. The author keeps aloof at once from the kfTia'nidaUisrrt and ' 
dreaminess of German spiidation since Schdling, and from the ' 
omsidedness and narrowness of the empiricism and positivism 
■which have so prevailed in England." — Dr. Ulrici, in "Zeitschrift 
fur PhiloBophie." 
THE INTUITIONS OF THE MIND. ANewEdiUon. Svo. 

cloth, los. bd. 

"The undertaking to adjust the claims of the sensational and in- 
tuitional philosophies, and of the i.-postariorl and k-pnoTi methods, 
is accomplished in this work with a great amount of success. " — 
Westminster Review. "/ value it for its large acquaintance 
■with English Philosophy, which has not led him to neglect the 
great German works. I admire the moderation and clcea-ness, as 
■well as comprehensiveness, of the author's views. " — Dr. Domer, of 
.Berlin. 




M ' C O S h — crmlitmiJ. 
AN EXAMINATION OF MR. J. S. MILL'S PHILOSOPHY: 
Bein^ a Defence ol Fundamentfi! Truth. Second edition, with 
additions, ttu. 6if. 

"Such a work greatly nitdid to bidone, and tie author 'was thtmiat 
to doit. Thiivalumi ir impotiattt, net merdy in rifcnrut te Iht 
vigvis of Mr. Milt, but of Ike whole school of ■writers, past and 
present, British and Continental, he so aity represent!." — Princeton 
Review. 

THE LAWS OF DISCURSIVE THOUGHT r Being a Text- 
book of Formal Logic. Crown Svo. Jj. 

" 71ie amount 0/ tuwmariied in/omialien vihieh it contains is very 

great; and it is the only work on the voy important subjat tuith 

■which it deeds. Never taas suci a wari so much needed as In 

the present day." — London Quarterly Review. 

CHRISTIANITY AND POSITIVISM : A Series of Lectures to 

the Times on Natural Theology and Apologetics. Crown Svo. 

p. &/. 

THE SCOTTISH PHILOSOPHY FROM HUTCHESON TO 

HAMILTON, Biographical, Critical, Expository. Royal 8vo. 16/. 

Maason.— RECENT BRITISH PHILOSOPHY : A Review 

with Criticisms ; including some Comm'jnts on Mr. Mill's Answer 

to Sir William Hamilton. Ey David Masson, M.A., Professor 

of Rhetoric and English Literature in the University of Edinburgh. 

Third Edition, with an Additional Chapter, Crown Svo. 6s 

" IVe can nemihrrt point to a ■work ■aliicA gives to clear an exposi- 

lien of the course of philosophical speculaticm In Britain during 

the past Ci'Hlnry, or luhich inditales so inslructively the mutual in' 

fiuences of philosophic and seieiityic thought." — Fortnightly Review. 

Maudsley. — Works by H. Maudsley, M.D., Professor of Medical 

Juriaprndence in University College, London. 
THE PHYSIOLOGY OF MIND ; being the First Part of a Third 

Edition, Revised, Enlarged, and in great part Re-written, of " The 

Physiology and Pathology of Mind. Crown Svo. 101, 6d. 
THE PATHOLOGY OF MIND. Eevii:ed, Enlarged, and in great 

part Re- writ ten. Svo. I Si. 
BODY AND M IND ; an Inquiry into their Connexion and Mutual 

Influence, specially with reference to Mental Disorders. An 

Enloi^cd nnd Revised edition. To which ate added, Psydiological 

Essays. Crown Svo. 6r. &/. 
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Maurice. — Works by the Rev. FredEKICK DekISON MauMC^ 
M.A., Professor of Moral Philosophy in the University of Cam- 
bridge. (For other Works by the same Author, see TheoloGJOai. 
Catalog t/E.) 
SOCIAL MORALITY. Tweniy-one Lectures delivered In the 
Universit]' of Cambridge. New mid Cheaper Editkin. Crown Svo. 



r Ikeri is of real lOBrtfi 
txtatitin liiwerld, vihich anbttatts it from onetad tolhteUtp: 
Wigain nrw IhoughtiaHdnewwaysofviaeingl/aMgs, eaeainort, 
ptrhaps, from being inrug^/ for a time itndtr the influoKi of so 
noiie aiui spiritual a mind. — Athenaeum. 
THE CONSCIENCE : Lectures on Caaiiiatry, delivered in the Uni- 
versity of Cambridge. New and Cheajier Edition. CrownSvo. 51-, 
The Saturday Review says: "We rise from than with Attestation 
of all thai is selfish and mean{ and lailh a liviHg imfression that 
there is such a thing as goodness after all." 
MORAL AND METAPHYSICAL PHILOSOPHY. VoL I. 
Ancient Philosophy from the First to the Thirteenth Centiiries ; 
Vol 11. the Fourteenth Century and the French Revolution, with 
a glimpse into the Nineteenth Century. New Edition and 
Pre&ce. 2 Vols, Svo. 3$^- 

Morgan. — ancient society ; or Researches in the Lines o( 
Human Ptogress, from Savagery, through Barbarism to Civilisation. 
By Lewis II. Moruan, Member of the National Academy of 
Sciences. Svo. i6j. 

Murphy, — the SCIENTIFIC BASES OF FAITH. By 
Joseph John Mubphv, Author of "Habit and Intelligence." 

" The book is not without substantial voIm ; the Toriler canlinuis the 
loork of the best apohgisis of thi last century, it may bs -antk less 
force and clearness, but stilt -.vith commendable Jiersuasiveness and 
faef; amlwitk an intdligeat feding for tht chatted eondiitoni of 
the problem. " — Academy. 

Paradoxical Philosophy.— a Saquel to "The Unseen Uni- 
verse." Crown Svo. p. 6d. 

Pictori. — THE MYSTERY OF MATTER AND OTHER 
ESSAYS. By J. Allanson Picton, AuthL)r of " New Theories 
and the Old Faith." Cheaper issue with New Preface. Crown 
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Picton— ™«/;Hwrf: 

Contents ;— The Mysttty of Matter— Tite Pkilotopliy of fgtit- 
raiK-:— The Antilhuii of Failh and Si^ht-~Thi Eistntiat Natun 
of Rrliiion — Christian Pinthdsta. 

Sidgwick. — THE METHODS OF ETHICS. By Henrv 

SlDGWlCK, M.A., PtiCiectorin Moral nnd Polilicnl Philosophy in 

Trinily College, Camhridge. Second Edilion, revised ihrouehoul 

wilh impoilant additions. Svo. 14/. 

A SUPPLEMENTlolhe First Edilion, containine nil Hieimportanl 

additions and nlterationa in the Second, tivo. 3J. 
" This txcdt^ni ami very VHlcomt v^ume. .... Lraving te melitr 
pkysicians any farther diicusitiat thai may be ueidtd riTpecting the 
already over-diseusstd frMrm of the srigin nftit merai faaiilj't ^f 
taket it for granted as readily as the geemetririait lata tpoxtfar 
granted, or the phvsieist the existence nf malli-r. Bill he lain Stile 
the for granted, and defining ethics as ' Ihescienci of cohJhcI,' ii 
eareftiUy examin/i, nui the variaui e/Aical systems that have been 
fnipannded by AristHU aad AristolU ! folliyaers dirantOHtrds, but 



Thornton — OLD-FASHIONED ETHICS AND COMMON- 
SENSE METAPHYSICS, with some of llitit A,!plicalion.=. liy 
WiLLiAiiTHOMAsTHORNTONjAulliocof ".4 Treatise on Labour." 
Bvo. loj. bd. 

The present volume aeals with pmbl/mi jehi'ch are a^ilaling thi 
minds of all Ihoughtjul men. The follaaiing are the Contents : — 
I. AiUe-Utililarianism. II. History's Sdaitifc Pretensions. Ilf. 
Danid Hume as a Meiaphyiidan. ly. Huxleyism. V. Jlxcrtl 
Phase qf Scienlijie Alheisnt. VI. Limits of T>emgnstrable Theism. 

Thring (E., M. A.). —THOUGHTS ON LIFE-SCIENCE. 
Hy Edward Thking, M.A. {Benjamin Place), Head Master of 
Uppingham School New EdiLion, enlarged and revised. Crown 
8vo. 71. W. 

Vena.— THE LOGIC OF CHANCE : An Essay on the Founda- 
tions and PiorincE of the Theory of Probahllily, with espetial 
relerence to ils logical bearings, and its application to Moral and 
Social Science. By John Venn, M.A., Fellow and Lecturer of 
Gonville and Caius College, Cambridge. Seconil Edition, re- 
written and greatly enlarged. Crown Svo. lot. 61/. 
" One of tht most thoughtful and phUosBphircU treatises on any siii- 
feci connreted wUh lo^ic and evnUnci which has be/n proditcai iit 
Ikis or any other country for many years." — Mill's LogiCj voL li. 
p. 77. Seventh Edition. 



NATURE SERIES. 



l^IGHT : A Series of Simple, Entertaining and Useful 

ExptriiMnls in the PLfnoraeoa of Lighl f« ttw U« of Sm.leau •>? c«ry A«t 
lly ALf K£,D M. MAVliLlt and CHARLIi^ BAKNAKU. Willi lUuuiatioai. 
CrowaSva. >i. &/. 

SOUND : A Series of Simple, Entertaining and Inex- 

pediive ExperiLnui:: in the PheniiKEna of S^ond. fjr Ihc Uk it StudsiU <^ 
emrjAgt. By A. M. MAVliS, Pr.feajrof Phytieim iSe Siettns [naWBle 
afTecUilolagy, &c. With numerju^ lUiutraliuns. CmwaBva. it. 6d, 

SEEING AND THINKING. By Prof. W. K. Clifford, 

F.R.S. Wilh DiaKTinn. Crown EvQ. y. 6J. 
{Others lo/alleai.) 

MACMILLAN AND CO., LONDON. 



Ptibliihfd every Thursday, price td.j Monthly Parti 2t. nitd 
IS. 6d., Half-Yearly Volumes, 15J. 



NATURE: 



AN ILLUSTRATED JOURNAL OF SCJF.NCB. 



Nature expounds in a popular and yet aulhentic manner, 
the Grand Results of Scjentitic Research, discussing 
the most recent scientific discoveries, and pointing out 
tlie bearing of Science upon civilisation and progress, and 
its claims to a more general recognition, as well as to a 
higher place in the educational system of the country. 

It contains original articles on all Subjects within the 
domam of Science ; Reviews setting forth die nature and 
value of recent Scientific Works ; Correspondence Columns, 
forming a medium of Scientific discussion and of intercom- 
munication among the most distinguished men of Science, 
Serial Columns, giving the gist of the most important 
papers appearing in Scientific Journals, both Home and 
Foreign ; Transactions of the principal Scientific Societies 
and Academies of the World, Notes, &c. 

In Schools where Science is included in the regular 
course of studies, this paper will be most acceptable, as 
it tells what is doing in Science all over the world, is 
popular without lowering the standard of Science, and by 
it a vast amount of information is brought within a small 
compass, and students are directed to the best sources for 
what they need. The various questions connected with 
Science teaching in schools are also fully discussed, and the 
best methods of teaching are indicated. 



